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(57) Abstract: The present invention 
relates to the analysis of specimens. 
Specifically, the invention relates to 
methods and apparatus for reviewing 
specimen slides, including apparatus 
for holding the slides. The invention 
also relates to an automatic focusing 
method for an imaging system and 
methods for accommodating vibration 
in the imaging system. In particular, 
the methods and apparatus may be 
applied to the automated analysis of 
cytological specimen slides. 
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5 CYTOLOGICAL IMAGING SYSTEMS AND METHODS 

Cross-Reference to Related Applications 
[0001] This application claims the benefit of provisional U.S. Patent Application Serial 
No. 60/245,971, filed November 3, 2000, U.S. Patent Application Serial No. 09/430,198, 
filed October 29, 1999, and U.S. Patent Application Serial No. 09/430,1 16, filed October 
10 29, 1 999, the disclosures of which are hereby incorporated herein by reference in their 
entirety. 

Technical Field 

[0002] The present invention relates to systems and methods for the analysis of specimens. 
Specifically, the invention relates to a review system for reviewing specimens, methods of 
15 focusing the specimens in an imaging system, and apparatus for holding the specimen. 

Background Information 
[0003] Cytology is the branch of biology dealing with the study of the formation, structure, 
and function of cells. As applied in a laboratory setting, cytologists, cytotechnologists, and 
other medical professionals make medical diagnoses of a patient's condition based on 
20 visual examination of a specimen of the patient's cells. A typical cytological technique is 
a "Pap smear" test, in which cells are scraped from a woman's cervix and analyzed in 
order to detect the presence of abnormal cells, a precursor to the onset of cervical cancer. 
Cytological techniques are also used to detect abnormal cells and disease in other parts of 
the human body. 

25 [0004] Cytological techniques are widely employed, because collection of cell samples for 
analysis is generally less invasive than traditional surgical pathological procedures such as 
biopsies, whereby a tissue specimen is excised from the patient using specialized biopsy 
needles having spring loaded translatable stylets, fixed cannulae, and the like. Cell 
samples may be obtained from the patient by a variety of techniques including, for 

30 example, by scraping or swabbing an area, or by using a needle to aspirate body fluids 

from the chest cavity, bladder, spinal canal, or other appropriate area. The cell samples are 
placed in solution and subsequently collected and trahsferred to a glass slide for viewing 
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under magnification. Fixative and staining solutions are typically applied to the cells on 
the glass slide, often called a cell smear, for facilitating examination and for preserving the 
specimen for archival purposes. 

[0005] Typically, screening of cytological specimens has been a task for trained 
5 cytotechnologists and cytopathologists. Even though screening is done by highly trained 
individuals, the task is repetitive and requires acute attention at all times. Therefore, 
screening of cytological specimens is repetitive and tedious and would benefit from 
automation; however, the complexity and variety of material found in cytological 
specimens has proven very difficult to reliably examine in an automated fashion. Various 

10 image analysis systems have been developed for analyzing image data of specimens taken 
from a patient to augment the physician diagnosis of the biomedical status of the patient. 
For example, image analysis systems have been developed for obtaining image data 
representing blood cells, bone marrow cells, brain cells, etc. Image analysis systems are 
typically designed to process image data to determine characteristics of the specimen. 

15 These systems have been used primarily as prescreening systems to identify those portions 
of a specimen that require further inspection by a human, i.e., re-screening. 

[0006] Methods and apparatus for re-screening slides are either very crude or entail great 
economic expense. The prevailing method iji aiding relocation is the placement of an ink 
dot on the specimen near the location of the event. This method can be crude, awkward, 

20 time consuming, and inaccurate. In addition, with this method, it is not possible to 

ascertain if the entire specimen area of the slitfe has been uniformly examined or if areas of 
the specimen have or have not been scanned. It is, accordingly, often the case that if the 
user is interrupted, it is necessary to restart slide examination. Furthermore, with 
microscope examination of items for identifying characteristics, the use of ink dots can 

25 actually detrimentally impair examination of the item of interest. 

[0007] In a laboratory, for example a cytology laboratory, a cytotechnologist examines 
numerous specimen slides under a microscope in order to analyze certain specimen cells of 
questionable nature. When such suspect cells are located, the cytotechnologist generally 
marks the slide at that point, so that he or she may recall the location of the cells at some 
30 later time for further examination. To date, cytotechnologists have marked slides generally 
by using one of several manual methods. 
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[0008] One such method exists where a cytotechnologist marks the area of the microscope 
slide in question with a marking pen. To accomplish this, the cytotechnologist must take 
his or her eyes away from the eyepiece of the microscope, move the microscope objective 
out of the way, peer under the nosepiece, estimate the location of interest on the slide, and 
5 then mark the slide with the pen. This method requires the cytotechnologist to refocus her 
eyes, move her body into a potentially awkward position, and to make a guess as to the 
placement of the mark. This method of marking can be time consuming and is typically 
not exact. 

[0009] Another such method consists of marking a microscope slide by using an objective- 
10 like configuration marker. In this method, the cytotechnologist must take her eyes away 
from the microscope eyepiece, rotate the microscope nosepiece until the marking 
apparatus is in place, and then manually push the marking apparatus down onto the slide in 
order to mark the area in question. This method requires the cytotechnologist to refocus 
her eyes and to move her body into a potentially awkward position. Although this method 
15 is more exact than the previously described method, it is still tedious and time consuming. 

[0010] Additionally, many imaging systems that can be used for imaging a specimen must 
be built to prevent vibration from affecting the imaging of the specimen. Image blur, due 
to vibration, results if the imaging system is not sufficiently rigid or dampened. A blurred 
image is typically unusable. Manufacturing a sufficiently rigid dampened system can be 
20 costly and adds weight and complexity to the imaging system. 

[0011] Imaging systems also require apparatus for handling and holding specimens. 
Devices for holding specimens, slides, or similar objects in a defined position relative to 
an optical instrument, such as an imaging system, have been in existence for many years. 
In the instances of slide holding mechanisms, these features have been incorporated into 

25 the stages of automated microscopes so that a; slide may be moved with the stage relative 
to the viewing field of the microscope. Many of these slide holding devices do not 
facilitate repeatably holding the slide in the same precise location in the slide holding area. 
In some environments, it may be desirable to view the slide through the imaging system on 
more than one occasion or to view the slide on different imaging devices. Being able to 

30 repeatably position a slide relative to a predefined coordinate system is a useful feature of 
the slide holder assembly. 
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[0012] In particular, when the platform holding the slide is undergoing repeated 
substantially planar motion to allow the imaging of selected regions of the slide, there 
needs to be a reliable system for the secure holding and release of a given slide. When 
large numbers of slides are used in an automated or semi-automated specimen analyzing 
5 apparatus, the ability to quickly load, secure, and remove slides from an imaging system in 
a precise and controlled way becomes an advantageous feature of large scale batch sample 
analysis, 

[0013] In order for an automated system for analyzing a specimen on a sample slide to be 
effective, each image obtained should be in proper focus. Conventional focusing 

10 apparatus and methods, however, may be time-consuming, thereby making analysis of 
sample slides inefficient. Due to variations in distance between positions on the sample 
slide and imaging optics, focus should be adjusted accordingly during automated imaging 
of the slide. There is a need for a system that quickly and accurately focuses and scans 
substantially all of an area of interest of a sample slide. Imaging and analysis may 

15 accompany or follow such a scan, whereby specific regions of interest of the sample slide 
are automatically denoted and subsequently presented to a cytotechnologist, for example, 
for further analysis. 

Summary of the Invention 
[0014] Generally, the invention addresses the problems outlined above by applying 

20 automated methods and related apparatus for screening specimens. Such methods and 

apparatus are used for holding the specimens, reviewing and marking specimens, efficient 
focusing of specimens, and compensating for vibration. The term specimen is used 
throughout the specification to represent the material being imaged and/or reviewed and is 
not limited to cytological material. Also, the terms specimen sample, and slide may be 

25 used interchangeably throughout the specification and figures. 

[0015] In one aspect, the invention relates to an apparatus for marking a specimen. The 
apparatus includes an optical instrument, a marker coupled to the optical instrument and 
disposed outside a field of view of the optical instrument, and a stage coupled to the 
optical instrument for receiving the specimen. The stage moves the specimen between an 
30 inspection position in an optical path of the optical instrument and a marking position for 
marking the specimen with the marker. The optical instrument includes a motorized 
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nosepiece, an illumination source, and focusing optics. The optical instrument can be in 

data communication with a computer. Alternatively, the optical instrument can be a 

laboratory microscope. 

[0016] In various embodiments, the motorized nosepiece includes at least one lens and the 
5 lens can include a 10X objective. The motorized nosepiece can include a second lens and 
the second lens can include a 40X objective. The optical instrument can also include a 
specimen identification reader, which can be a bar code reader or an optical character 
recognition (OCR) device. Also, the marker can be a nib for applying a marking substance 
to the specimen. In some embodiments, the apparatus includes a cap mechanism coupled 

10 to the optical instrument and engageable with the marker. The cap mechanism is biased 
away from the marker when disengaged therefrom and actuatable into an engagement 
position with the marker by a pin disposed on the slide stage. The cap mechanism can 
include a resilient seal for sealing the nib of the marker. The apparatus can also include an 
actuator for moving the marker relative to the stage. The actuator can be a solenoid, a 

15 motor, a fluidic cylinder, or other suitable device. 

[0017] In other embodiments, the apparatus can include a user interface control in 
electrical communication with the optical instrument and a console in electrical 
communication with the optical instrument. The user interface control can include at least 
one input device and a stage positioning device, such as a joystick. The input device can 

20 perform a variety of operations, such as advancing the specimen to a next position in a 
field of view of the optical instrument, advancing the specimen to a previous position in 
the field of view, toggling between the first lens and the second lens, and marking an 
object of interest. In addition, the user interface control can include four switches or other 
input devices, each performing one of the aforementioned operations. The console can 

25 include a keypad and a display. The apparatus can also include an audio output device in 
electrical communication with the optical instrument, such as a speaker for emitting an 
audible warning tone or instructions to a user. 

[0018] In some embodiments, the apparatus also includes apparatus for electronically 
marking an object of interest within the specimen and an indicator for indicating marked 
30 status of a field of interest. The indicator includes an optical path originating at a light 

source and passing serially through a diffuser, a mask, an aperture, focusing optics, a lens, 
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and a beam splitter. All of the elements are disposed within a housing. The light source 
can include two separate light sources. The optical instrument can further include a sensor 
for detecting presence of a specimen. The sensor can be a proximity switch, a limit 
switch, a hall-effect switch, a magnetic sensor, an optical sensor, or others suitable device. 

5 [0019] In another aspect, the invention relates to a method of marking a specimen. The 
method includes the steps of positioning an object of interest within the specimen to a 
marking position, contacting the specimen with a marker, and actuating the specimen to 
create indicia thereon at least partially bounding the object of interest. The shape of the 
indicia can be line segments, arcs, and combinations thereof. In one embodiment, the 
1 0 specimen is disposed on a motorized stage and the method includes the step of actuating 
the motorized stage to position a cap mechanism into an engagement position for sealing 
the marker. 

[0020] In yet another aspect, the invention relates to an automated method of reviewing a 
specimen. The method includes the steps of: (a) loading the specimen in an optical 

15 instrument; (b) locating a first datum mark on the specimen; (c) locating a second datum 
mark on the specimen; (d) establishing a coordinate system based, at least in part, on the 
first and second datum marks; (e) positioning the specimen to present a first field of 
interest; (f) moving to a next field of interest; (g) repeating step (f) until a predetermined 
number of fields of interest are presented; and (h) performing an autoscan of the entire 

20 specimen. In one embodiment, twenty-two fields of interest are presented. In some 
embodiments, the step of moving to a next field of interest includes inputting a user 
command. 

[0021] In various embodiments, the method can include the step of electronically marking 
an object of interest located within the field of interest, which includes inputting a signal to 

25 a processor, determining if coordinate values for the object of interest are stored as a target 
zone within the processor, and adding the coordinate values of the object of interest to a 
list of marked target zones, if not previously stored. Alternatively, the step of 
electronically marking the object of interest includes inputting a signal to a processor, 
determining if coordinate values for the object of interest are stored as a target zone within 

30 the processor, and removing the coordinate values of the object of interest from a list of 
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• marked target zones, if the values are previously stored. The method can also include the 
step of indicating visually a marked status of the object of interest. 

[0022] In addition, the method can include the step of physically marking an electronically 
marked object of interest, which includes inputting a signal to a processor, positioning the 
5 object of interest to a marking position, contacting the specimen with a marker, and 
actuating the specimen to create indicia thereon at least partially bounding the object of 
interest. Further, the step of performing the autoscan can be performed after all fields of 
interest are presented. The step of physically marking the specimen takes place after the 
autoscan is performed. 

10 [0023] In some embodiments, the step of establishing a coordinate system includes 

centering the first datum mark, assigning a reference coordinate value to the first datum 
mark, storing in memory the first datum mark coordinate value, centering the second 
datum mark, assigning a reference coordinate value to the second datum mark, storing in 
memory the second datum mark coordinate value, and performing a coordinate 

15 transformation. The step of establishing a coordinate system can further include 

comparing the datum mark coordinate values to known, predetermined values to determine 
if the specimen is loaded in a proper orientation. 

[0024] In other embodiments, the method can include the steps of reading a specimen 
identifier, accessing a specimen data record stored within the computer to obtain 
20 coordinate values for the object of interest, and updating the specimen data record to 

include the coordinate values of the electronically marked objects of interest. The method 
can further include the step of calibrating the marker prior to marking the specimen. 

[0025] In some embodiments, the step of calibrating the marker includes focusing on an 
indicia disposed on the specimen, securing a marker into a holder coupled to the optical 

25 system, contacting the specimen with the marker, actuating the specimen to create a 

calibration mark thereon, creating an offset value for the marker by actuating the stage to 
position the calibration mark into a position relative to the indicia, recording the offset 
value, and applying the offset value to the marker position for future marks. Further 
embodiments include the marking step being performed after the entire specimen is 

30 scanned. Also, the autoscan step maybe performed after all fields of interest have been 
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presented. The specimen could be cytological material disposed on a slide that is stained 
with a thionin-phenol solution. The phenol can be a phenol derivative. 

[0026] In another aspect, the invention relates to a method of accommodating for vibration 
errors in an imaging system. The method includes the steps of acquiring vibration 
5 measurements of the imaging system while scanning portions of a specimen and re- 
imaging a portion of the specimen when the vibration measurement for the portion 
exceeded a predetermined threshold. In some embodiments, the method includes the step 
of rejecting the specimen if the vibration measurement for a predetermined number of 
portions exceeds the threshold or the step of rejecting the specimen if the vibration 
10 measurement exceeds a second threshold. In one embodiment, the vibration can be 
measured by an accelerometer disposed on the imaging system. 

[0027] In another aspect, the present invention relates to a slide holder assembly that can 
be used with an imaging system. The assembly includes a base, a first platform, a second 
platform, at least one slide positioning member connected to the second platform, and an 

15 actuating mechanism attached to the base for moving the slide positioning member into 
and out of contact with a slide. The first platform is movably disposed on the base. The 
second platform is disposed on the first platform and includes a slide receiving area. The 
slide positioning member is operatively connected to the second platform. The actuating 
mechanism is disposed on the base. In various embodiments of the invention, the base can 

20 be coupled with an actuating table, and the actuating table can be coupled to an imaging 
system. 

[0028] In some embodiments, the assembly can include two slide positioning members 
operatively connected to the second platform. The mechanism for actuating the slide 
positioning member can include a first a pin and a second pin for actuating the first and 

25 second slide positioning members, respectively. In other embodiments, the assembly can 
include at least one stop disposed on the second platform. The slide positioning members 
can each be connected to a resilient member to bias the slide positioning members towards 
the slide receiving area of the second platform. The slide positioning members can be 
rotatably mounted to the second platform and can position a slide in the receiving area into 

30 a contact position with the stop. In other embodiments, at least two stops are disposed on 
the second platform. 
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[0029] The slide positioning members themselves can be selected based on their material 
properties and then mounted on the slide holder assembly such that they are actuated 
independently of one another in various embodiments of the invention. The slide 
positioning members can be serially actuated with respect to one another. In addition, the 
5 slide positioning members can be actuated orthogonally with respect to one another. The 
positioning members can each include a substantially elongate arm with a mounting end 
and a slide contacting end. 

[0030] According to other embodiments of the invention, the second platform can include 
a sensor disposed in the slide receiving area for detecting the presence of a slide. This 
10 sensor may be a hall-effect switch, a proximity switch, an optical sensor, a limit switch, or 
any other suitable sensor. 

[0031] In other embodiments of the invention, the slide holder assembly can include a 
slide with a cytological specimen, where the specimen is located in a receiving area of the 
slide. This specimen can be stained with a conventional stain or a thionin-phenol stain 
15 solution. The thionin-phenol solution can include a phenol derivative. 

[0032] According to an aspect of the invention, the automatic focusing and imaging of 
locations of specimens on sample slides allows thorough analysis of sample slides, such as 
biological or cytological sample slides, at accuracies and speeds much greater than would 
otherwise be possible. During the analysis of a slide, it is routinely necessary to readjust 

20 focus at various locations on the slide. Systems that are designed to automatically image 
substantially all of a region of interest of a slide need to enable the automatic adjustment of 
focus for various locations within that region of interest. A system which runs through a 
complete autofocusing procedure at every position it images may accurately image 
substantially all of a region of interest, but it is inefficient, since many of the autofocusing 

25 steps taken have been determined to be redundant and therefore unnecessary. 

Accordingly, this invention provides an automatic focusing method for an optical system 
that efficiently and accurately images a series of regions on the slide to address efficiently 
substantially all of the area of interest of the slide. 

[0033] In one aspect, the invention relates to an automatic focusing method for an optical 
30 system that provides a way to efficiently and accurately image a series of regions on a 

specimen slide and cover substantially all of the areas of the specimen. One embodiment 
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of the invention involves a method for establishing a global focal plane for the sample 
slide in order to account for tilt of the slide due to deviations from pure normality to the 
optical path of the imaging optics. This can occur due to normal assembly tolerances of 
the slide holder, optical system wear, and slide loading or holding misalignment. In 
5 establishing the global focal plane, another embodiment of the invention provides a check 
of the slope along an index axis and the slope along a scan axis of the slide, to determine 
whether a predetermined threshold is exceeded. In this embodiment, if the threshold is 
exceeded, the slide is flagged to indicate the problem and appropriate corrective action can 
be taken. 

1 0 [0034] Another embodiment of the invention involves a method of performing a scan pass 
across the surface of a slide in which a coordinate is determined that provides a focus 
value within a predetermined range of an optimal focus value for a position on the slide. 
The coordinate is recorded, and may be later retrieved. This coordinate may be expressed, 
for example, in a Cartesian coordinate system as the focus axis coordinate or z-coordinate, 

15 corresponding to the (x,y) point that corresponds to a respective position on the sample 
slide in a plane of the sample slide. It should be noted, however, that the invention also 
applies to configurations other than those involving a planar sample slide and may be 
applied using coordinate systems other than the Cartesian coordinate system, such as 
biradial, spherical, or cylindrical coordinate systems, among others. 

20 [0035] Another embodiment of the invention involves a method of determining an area of 
fine focus jurisdiction around a position on a slide at which a corresponding value of a 
coordinate that provides a focus value within a predetermined range of an optimal focus 
value has been determined. For instance, once a z-coordinate has been determined by 
successive adjustments of an element of the optical system imaging a position on the slide, 

25 the same z-coordinate will provide adequately in-focus images for positions in a given area 
surrounding that point on the slide. An embodiment of the invention provides that an area 
of fine focus jurisdiction is elliptical in shape. Another embodiment provides that an area 
of fine focus jurisdiction has a major axis substantially parallel to a scan axis of the optical 
system and a minor axis substantially parallel to an index axis of the optical system. 

30 [0036] Another embodiment of the invention involves the determination of a second 

coordinate that provides a focus value within a predetermined range of an optimal focus 
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value for a second position on a slide. This embodiment determines whether the second 
point lies within at least one previously-determined area of fine focus jurisdiction, and if 
not, determines an area of fine focus jurisdiction surrounding the second point. This 
embodiment optionally additionally includes the performance of a fine focus action to 
5 determine a coordinate providing sufficient focus at the second position. 

[0037] Another embodiment provides for the use of a global focal surface of the slide in 
determining a first estimate of a coordinate providing adequate focus. For example, tilt of 
the slide may be accounted for in estimating a suitable focus axis coordinate. 

[0038] Yet another embodiment provides for the determination of whether a second point 
10 lies within at least one area of fine focus jurisdiction and the retrieval of the coordinate(s) 
correlated with this/these area(s). For example, if one or more previously-determined z- 
coordinates apply over a certain region of a slide, the method will retrieve these 
coordinates instead of performing a new fine focus action, thereby saving the time 
associated with performing unnecessary steps. An additional embodiment provides for the 
15 adjustment of a retrieved value according to the global focal surface of the slide. 

[0039] Yet still another embodiment obtains a weighted average of retrieved coordinates 
for a position on the slide corresponding to a point lying within more than one fine focus 
jurisdiction. An additional embodiment provides for the adjustment of this value 
according to the global focal surface of the slide. 

20 [0040] Another embodiment searches for previously-measured coordinate values only 

from among those within a bin wherein a given point lies. In this way, the process may be 
made more efficient. Still another embodiment determines whether or not a given position 
is within an area of interest of a slide. Another embodiment combines elements of the 
embodiments described above in various combinations and permutations and 

25 systematically images substantially the entire area of interest of a slide in a step-by-step 
fashion. 

[0041] Still another embodiment provides for an automatic focusing method involving two 
kinds of focus actions - an initial coarse focus and subsequent fine focuses. The initial 
coarse action is a more thorough procedure than the fine focus actions and may provide a 
30 baseline coordinate used to enable quicker performance of the subsequent fine focus 
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actions. Another embodiment limits the number of times the slide is imaged at a particular 
position to five. 

[0042] In another aspect, the invention relates to cytological staining solutions. The 
solutions include methanol, phenol or phenol derivatives, and thionin. In some 
5 embodiments, an acid may be present. The acid can be almost any acid traditionally used 
to adjust the pH of a solution. For example, acetic acid, nitric acid, hydrochloric acid, 
phosphoric acid, formic acid, sulfuric acid, or citric acid could be used. In various 
embodiments, the methanol used can be various grades, the phenol or phenol derivative 
source can be loose crystals having an ACS grade of at least about 95%, the thionin can be 

10 a certified dye powder, and the acid can be glacial acetic acid of various grades. The ACS 
grade is an indicator of the purity of the components. Components in accordance with 
equivalent grading systems are acceptable. In addition, the thionin can be synthesized. In 
one embodiment, the staining solution has an acidic pH value, preferably about 5-7, and 
more preferably about 6.70 +/- 0.05. In one embodiment, the phenol or phenol derivative 

15 has a weight to volume ratio of about 0.8% to about 1 .2%, and preferably about 1 .0%. In 
another embodiment, the thionin has a weight to volume ratio of about 0.2% to about 
0.5%, preferably about 0.3% to about 0.4%, and more preferably about 0.345%. The 
weight to volume ratio, expressed as wt/v, is a measure of the weight of any one 
component as a percentage of the volume of the entire solution. 

20 [0043] In still yet another aspect, the invention relates to a method of staining cytological 
material with thionin-phenol (or phenol derivative) solutions. The thionin-phenol 
solutions bind preferentially to nuclear cytological material relative to cytoplasmic 
cytological material. The solutions can include methanol, phenol derivatives, and thionin, 
and can be about a 0.3% thionin solution. The thionin can be organic or synthetic. In one 

25 embodiment, the cytological material is dipped into a salt bath prior to staining. The salt 
bath can be about a 10% salt solution. In another embodiment, the method includes the 
step of counter staining the cytological material after staining with the thionin-phenol 
derivative solution. 

[0044] Various embodiments of this aspect of the invention can include the following 
30 features. The cytological material can be rinsed or dipped in an alcohol bath prior to 
counterstaining in a counterstain solution, which includes a reagent alcohol, eosin Y, 
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thionin, and light or fast green. The thionin can be organic or synthetic. The 

counterstaining solution binds preferentially to cytoplasmic cytological material relative to 

nuclear cytological material. The counterstaining solution can include at least one of the 

components of the thionin-phenol derivative stain, thionin in one embodiment, such that 

5 the thionin substantially replenishes the thionin depleted during the rinsing. At least one 

of the thionin-phenol derivative solution and the counterstaining solution discernibly stain 

the cytological material in the visible light range, or both the thionin-phenol derivative 

solution and the counterstaining solution discernibly stain the cytological material in the 

visible light range. Additionally, the cytological material can be rinsed or dipped into an 

10 alcohol bath after counterstaining. 

[0045] In another aspect, the invention relates to a method for verifying a location of a 
field of interest within a specimen including the steps of locating a datum mark on the 
specimen, identifying the field of interest within the specimen, determining the location of 
the field of interest relative to the mark, and locating again the datum mark. If a 
15 dimensional error in relocating the datum mark is less than a tolerance value, then the 
location of the field of interest is verified. The step of identifying the field of interest 
within the specimen may include optically scanning the specimen, and the tolerance value 
is between about ten microns and about one thousand microns, 

[0046] The method may also include the steps of identifying a plurality of fields of interest 
20 within the specimen and ranking the plurality of fields of interest in an order. The 

specimen may be a cytological specimen deposited on a glass slide mountable on a stage 
of an imaging system, with the fileds of interest within the specimen being abnormal cells. 
According to the method, if the location of the field of interest is not verified, the system 
rejects the specimen as unreliable. Optionally, upon locating a field of interest, the method 
25 may include placing a visible indicator proximate the field of interest identified within the 
specimen. 

[0047] According to another embodiment, a method for verifying a location of a field of 
interest within a specimen may include the steps of locating a datum mark on the 
specimen, assigning a reference coordinate value to a location of the mark, identifying a 
30 field of interest within the specimen, assigning a coordinate value to the location of the 

field of interest, and spatially locating the mark, thereby determining a spatial offset value 
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of the mark relative to tbe reference coordinate value, wherein the location of the field of 
interest is verified if the spatial offset value is less than a tolerance value. First locating 
the datum mark may be accomplished by centering the mark in a field of view of an optical 
instrument. 

5 [0048] The method may further include storing in memory the coordinate value of the 
field of interest, transferring the specimen to a review station, locating the datum mark, 
and setting a coordinate system of the review station based on a location of the mark. 

[0049] Another method according to the invention for verifying a location of an field of 
interest within a cytological specimen on a slide loaded in an automated cytological 

10 imaging system includes the steps of placing the slide within an optical path of the 

imaging system, centering a datum mark on the slide within a field of view of the imaging 
system, assigning a reference coordinate value to a location of the mark, storing in memory 
the reference coordinate value, scanning the specimen to identify a field of interest within 
the specimen, centering the field of interest within the field of view of the imaging system, 

1 5 assigning a coordinate value to the field of interest, returning to the reference coordinate 
value location, spatially locating the mark a second time, and comparing the reference 
coordinate value to a coordinate value resulting from locating the mark the second time, 
thereby determining a spatial offset value of the mark, wherein the location of the field of 
interest is verified if the spatial offset value is less than a tolerance value. 

20 [0050] The invention also includes a device for use in an imaging system for imaging a 
specimen, the device being a slide having an area adapted for deposition of the specimen 
thereon and at least two datum marks thereon, wherein the area is bounded, at least in part, 
by the at least two marks. The specimen may be a cytological specimen and a location of 
each of the at least two marks is within a predetermined tolerance value. The device may 

25 also include an indicator placed on the slide at a location of a region of interest within the 
specimen area, wherein the region of interest within the specimen area indicates a location 
of an abnormal cell. 

[0051] The invention further includes an imaging system for verifying a location of an 
field of interest within a specimen, the imaging system including an optical system and a 
30 stage movable relative to the optical system, at least one of the optical system and the stage 
being operable to position the specimen in an optical path of the optical system, wherein 
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the imaging system is capable of spatially locating a datum mark on the specimen and 
determining a spatial offset value of the mark relative to a nominal position thereof. The 
specimen may be a cytological specimen deposited on a slide. 

[0052] The invention also includes an apparatus for observing a specimen and for 
verifying a location of an field of interest within the specimen, the apparatus including an 
imaging system having a first optical system and a stage movable relative to the first 
optical system, at least one of the optical system and the stage being operable to position 
the specimen in an optical path of the first optical system, a computer server in 
communication with the imaging system, and a review station in communication with the 
server, the review station including a second optical system, wherein the first and the 
second optical systems are operable to spatially locate a datum mark on the specimen, and 
to standardize respective coordinate systems of the first optical system and the second 
optical system. 

[0053] These and other objects, along with advantages and features of the present 
invention herein disclosed, will become apparent through reference to the following 
description of embodiments of the invention, the accompanying drawings, and the claims. 
Furthermore, it is to be understood that the features of the various embodiments described 
herein are not mutually exclusive and can exist in various combinations and permutations. 

Brief Description of the Drawings 
20 [0054] In the drawings, like reference characters generally refer to the same parts 

throughout the different views. Also, the drawings are not necessarily to scale, emphasis 
instead generally being placed upon illustrating the principles of the invention. In the 
following description, various embodiments of the present invention are described with 
reference to the following drawings, in which: 
25 FIG. 1 is a graphical representation of one embodiment of a review system in 

accordance with the invention; 

FIG. 2 is a flow chart illustrating the operational modes of the review system of 

FIG. 1; 

FIG. 3 is a flow chart illustrating the operational mode of loading a slide into a 
30 review system; 
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FIG. 4 is a perspective view of a review system including a review station, user 

interface, and a console; 

FIG. 5 A is a perspective front view of the review station of FIG. 4; 

FIG. 5B is a perspective top view of the review station of FIG. 4; 
5 FIG. 5C is a schematic front view of the review station of FIG. 4; 

FIG. 5D is a schematic side view of the review station of FIG. 4; 

FIG. 5E is a schematic cross-sectional view of the review station of FIG. 4 taken at 
line 5E-5E in FIG. 5C; 

FIG. 6 is a perspective view of the user interface shown in FIG. 4; 
10 FIG, 7 is a perspective view of the console shown in FIG. 4; 

FIG. 8 is a perspective view of one embodiment of a marker module for use with a 
review system in accordance with the invention; 

FIG. 9 is an exploded perspective view of the marker module of FIG. 8; 

FIG. 1 0 is a perspective view of a mark indicator module for use with a review 
15 station in accordance with the invention; 

FIG. 1 1 is a schematic cross-sectional view of the mark indicator module of FIG. 
10 taken at line 11-11; 

FIG. 12 is an exploded perspective view of the mark indicator module of FIG. 10; 

FIG. 13 is an exploded perspective view of a motorized slide stage; 
20 FIG. 14 is a schematic view of one embodiment of a physical mark; 

FIG. 15A is a schematic view of a specimen slide after being reviewed on a review 
system in accordance with the invention; 

FIG. 15B is an enlarged view of a section of the specimen slide of FIG. 15 A; 

FIG. 16 is a schematic view of one embodiment of a mark indicator; 
25 FIG. 17 is an electrical schematic of a review station in accordance with the 

invention; 

FIG. 1 8 A is a schematic view of one embodiment of an accelerometer; 

FIG. 1 8B is a schematic view of an imaging system structure with the 
accelerometer of FIG. 18A mounted thereon; 
30 FIG. 19 is an exploded perspective view of one embodiment of a slide holder in 

accordance with the invention; 
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FIG. 20 is an exploded bottom perspective view of another embodiment of the 

slide holder in accordance with the invention; 

FIG. 21 is a schematic top view of the slide holder of FIG. 19; 

FIG. 22 is a schematic top view of the slide holder of FIG. 21 with slide 
positioning members securing a slide against two stops; 

FIG. 23 is a perspective view of the slide holder of FIG. 20; 

FIG. 24 is an exploded perspective view of one embodiment of a second platform 
for use with a slide holder in accordance with the invention; 

FIG. 25 is a partial schematic top view of the slide holder of FIG. 19 including a 

slide; 

FIGS. 26A and 26B are perspective views of two embodiments of slide positioning 
members; 

FIG. 27 is a schematic diagram illustrating various manufacturing tolerances for 
one embodiment of a float glass slide for use in the present invention; 

FIG. 28 is a schematic representation of a pattern of fine focus jurisdictions across 
a cell spot in accordance with the invention; 

FIG. 29 is a schematic representation of a global focal surface determination 
flowchart summarizing certain process steps in accordance with the invention; 

FIG. 30 is a schematic representation of a sample plot of focus axis position versus 
focus score in accordance with the invention; 

FIG. 3 1 is a schematic representation of a scan pass flowchart summarizing certain 
process steps in accordance with the invention; 

FIG. 32 is a schematic representation of an area of fine focus jurisdiction in 
accordance with the invention; 

FIG. 33 shows a schematic diagram of one embodiment of a slide for use with an 
imaging system in accordance with the invention; 

FIG. 34 shows an overall schematic diagram of one embodiment of a system in 
accordance with the invention; 

FIG. 35 is a schematic diagram of one embodiment of an apparatus in accordance 
with the invention; and 
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FIG. 36 shows a schematic flow chart illustrating the steps of operation in a 
method, according to the present invention, of verifying location of fields of interest in a 
specimen. 



5 

Detailed Description 
[0055] Embodiments of the present invention are described below. It is, however, 
expressly noted that the present invention is not limited to these embodiments, but rather 
the intention is that modifications that are apparent to the person skilled in the art and 
10 equivalents thereof are also included. 

[0056] The review system ("RS") defines apparatus used by a cytotechnologist or 
cytopathologist (collectively "user") to view a slide having a cytological specimen 
disposed thereon. The review can be through either a customized optical instrument or a 
traditional microscope interface that utilizes automatic slide movement. The automatic 
15 movement presents fields of interest identified by an imaging system. Additionally, the 
review system provides a method for automated marking of objects for later review. The 
marking may be electrical, physical, or both. 

[0057] Generally, when a user places a specimen on the RS for review, they are presented 
a plurality of fields of interest ("FOIs") that were previously identified by an imaging 

20 system and stored in a computer server. In one operational state, the RS requires that each 
of the identified FOIs be presented to the user before the user can complete the review of 
the specimen. As each of the FOIs is being presented, the user can electronically mark the 
contents of a target zone within an FOI for subsequent physical marking. Upon 
completing the electronic marking process, the RS can physically mark each electronic 

25 location (marked target zone) with a translucent marking dye. The actual details of 

marking are discussed hereinbelow. An electronic file representing the specimen details 
and provided earlier by the server is used and updated by the RS and maintained on the 
server. 

[0058] The RS subsystem architecture is shown graphically in FIG. 1, which illustrates the 
30 functional breakdown of the elements in the RS 1 into subsystems. Generally, the 
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elements of the RS 1 include a review station 2, a user interface 4, a console 6, and a 
processor 8, all of which are described in greater detail hereinbelow. The elements are in 
electrical, mechanical, or data communication with one another. In some instances, the 
elements are in a combination of electrical, mechanical, and data communication. 

5 [0059] FIG. 2 illustrates the relationship of the various RS operational modes and FIG. 3 
illustrates the functions that the RS 1 performs during the load specimen mode 606. 
Referring generally to FIG. 2, the functional aspects of the various operational modes will 
be described. There are a number of functions that are enabled in more than one mode and 
function identically. The various modes include: power off 600, pre-system connect 602, 

10 user login 604, load specimen 606, register specimen 608, autolocate 610, review 612, 

autoscan 614, 622, mark specimen 616, check registration 618, and unload specimen 620. 
The power off mode 600 is when there is no power applied to the RS 1 . Upon the 
application of power, the RS 1 transitions to the pre-system connect mode 602. The pre- 
system connect mode 602 represents RS operation prior to connection to the server. The 

15 pre-system connect mode 602 includes a power on self test ("POST"). 

[0060] The POST functions include ram check, processor check, audible/visual indicator 
tests, console/user interface presence test indicating to the user via the console that the RS 
1 is initializing stage motor homing sequence, nosepiece motor homing sequence, object 
marker test, and specimen ID reader test. If the POST is successful (all elements pass), the 

20 RS 1 initiates connection with the server; however, if the POST is unsuccessful, the RS 1 
transitions to an error handling mode 632. If the server connection is successful, the RS 1 
can download lab preferences from the server and transition to the user login mode 604. 
If, after a predetermined time, the server connection is still unsuccessful, the RS 1 can 
warn the user that the server connection was unsuccessful and prompt the user to enter a 

25 manual review mode 636 or try to re-establish connection with the server. If the user 
selects 're-try 5 , the RS 1 reenters the pre-system connect mode 602. If the user selects 
manual review mode 636, the RS 1 moves the specimen to a load position, prompts the 
user to load a specimen and confirms by inputting a signal, and transitions into manual 
review mode 636 upon receipt of an input signal. 

30 [0061] During the user login mode 604, the user logs into the RS 1 and the user's 

preferences are downloaded from the server. Specifically, the RS 1 can prompt the user to 
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enter a login ID via a keypad and press the enter key. During user ID entry, the RS 1 can 
display the ID in hidden format (placeholders only) and the backspace key can function as 
a single character delete. After the user presses the enter key following ID entry, the RS 1 
queries the server database and, if the ID exists, set user preferences locally according to 
5 the server response and transition to the load specimen mode 606. If the ID does not exist, 
the RS 1 emits an audible tone, warns the user ("Invalid ID") via the display, delays and 
then returns to user login mode 604. If the RS 1 receives a broadcast message from the 
server informing it of pending software update activity, the RS 1 can return a response to 
the message and transition to a software update mode 638. If the RS 1 receives a 
10 broadcast message from the server informing it of pending system diagnostic activity, the 
RS 1 can return a response to the message and transition to a system diagnostic mode 624, 
634. 

[0062] The load specimen mode 606 (FIG. 3) begins with the RS 1 waiting for the user to 
load a specimen. The specimen ID is read automatically by the ID reader or input 

15 manually from the keypad if the automatic read fails. If the ID corresponds to a valid 
record on the server corresponding to an imaged specimen, the RS 1 proceeds with 
registration, otherwise the RS 1 continues with manual review. The RS 1 can enable the 
cancel key on the console during manual slide ID entry. The RS 1 can also enable a 
specimen presence sensor. The RS 1 can move the stage to the specimen load position and 

20 prompt the user to load a slide and input a signal via the user interface to confirm the start 
of an automated slide review or start manual review. Upon receipt of the input signal 
confirming the start of automated slide review, the RS 1 can move the stage such that the 
specimen ID is positioned under the specimen ID reader. The RS 1 then sends a message 
to the specimen ID reader to initiate the illumination of the specimen label, as well as the 

25 capture and processing of an image. The RS 1 interprets the specimen ID string received. 
If the specimen ID has a valid format/checksum, operation continues with the RS 1 
querying the server for existence of a specimen data record with this slide ID. If there was 
a "bad read" or if the format/checksum are invalid, the RS 1 displays an invalid slide ID 
message, issues an audible tone, and waits for the user to press the continue key on the 

30 console. 
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[0063] Upon receipt of the continue instruction, the user manually enters the specimen ID 
(including checksum) via the console or cancels the specimen review. During manual 
specimen ID entry, the RS 1 can display the specimen ID. During manual specimen ID 
entry, the backspace key can function as a single character delete. Upon receipt of the 
5 specimen ID, the RS 1 can interpret the manually entered specimen ID. If the specimen ID 
has a valid format/checksum, operation resumes with the RS 1 querying the server for 
existence of a specimen data record with this slide ID. If the format or checksum is 
invalid, the RS 1 displays an invalid specimen ID message and issues an audible tone. 

[0064] Once operation resumes, the RS 1 queries the server for existence of a specimen 
10 data record with the corresponding specimen ID. If the server response to the database 
query indicates the presence of a specimen data record ("SDR") corresponding to this 
specimen ID, the RS 1 downloads the number of fields of interest ("FOIs"), the locations 
(in Image Processor ("BP") coordinates) of the FOIs, the locations (in IP coordinates) of the 
fiducial marks, the locations (in IP coordinates) of the marked target zones from previous 
15 reviews (if any), the location (in IP coordinates) of the specimen cell spot center, the 

specimen cell spot diameter, and the specimen reviewed status. If the server response to 
the database query indicates a communication error or that there is no slide data record 
corresponding to this slide ID, the RS 1 can issue an appropriate warning on the console, 
emit an audible tone, and instruct the user to press the continue key to cancel slide review. 

20 [0065] After the RS 1 has downloaded the specimen data record, the RS 1 checks to see if 
the specimen has already been reviewed. If the specimen was previously reviewed, the RS 
1 will display a warning message, emit an audible tone, inhibit the unmarking of target 
zones marked in previous reviews, and request confirmation that the user wishes to 
proceed. The RS 1 waits for this confirmation, then transitions to the register slide mode. 

25 If the specimen was not previously reviewed, the RS 1 transitions directly to the register 
specimen mode 608. 

[0066] In the register specimen mode 608, the RS 1 establishes the registration of the 
specimen by having the user center each of two fiducial marks in an area cradled by a mark 
indicator in the field of view ("FOV"). Having the coordinates of the fiducial marks in 
30 both IP (from the SDR) and review station systems, the RS 1 then computes and performs 
a coordinate transformation on the field of interest ("FOI") data obtained from the server. 
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The specimen presence sensor is enabled during the specimen registration mode. The RS 
1 illuminates a white mark indicator and presents the first fiducial mark within the FOV • 
with the objective at lOx. The RS 1 then enables the specimen position input device 
("SPED") for manual stage positioning limited to about plus or minus half an FOV (e.g., 
5 1 100 (am) along either of the two slide stage motion axes (x, y). The RS 1 prompts the 
user to use the SPID to center the first fiducial mark within the mark indicator and enter a 
next command when the operation is complete. Upon confirmation, the RS 1 presents the 
second fiducial mark (position derived from the SDR plus the offset recorded in centering 
the first fiducial mark) and prompt the user to use the SPID to center it within the mark 

10 indicator and enter the next command when the operation is complete or enter a previous 
command to go back to the first fiducial mark. Upon receipt of the previous command, the 
RS 1 returns to the location of the user-centered first fiducial mark. Upon confirmation ' 
that the alignment of the second fiducial mark is complete, the RS 1 computes a coordinate 
transformation from BP to review station based upon the fiducial mark coordinates as 

15 recorded in the SDR and as located at the review station by the user. The RS 1 also 

applies the coordinate transformation to each FOI location, marked target zone, and the 
specimen cell spot center, and then transitions into autolocate mode 610. 

[0067] In the autolocate mode 610, the user is presented with a predetermined number of 
FOIs using the lOx objective. At any time while in this mode, the user may mark/unmaxk 
20 target zones, manually move the stage using the SPID, and toggle the objective lens. 

Autolocate is complete when all FOIs have been presented. On the initial review of the 
specimen, autolocate is typically completed before the user is permitted to review marked 
target zones, perform an autoscan or complete specimen review. 

[0068] During the autolocate mode 610, the RS 1 indicates the current mode and progress, 
25 (e.g., " 1 of 30") on the display and instructs the user (via the display) on how to transition 
to the next or previous FOI. The RS 1 presents the first FOI in the FOV and enables the 
SPID for user-directed positioning of the stage. The RS 1 enables electronic 
markmg/unmarking and mark indication while the objective is at lOx The RS 1 also 
enables changing of magnification and the specimen presence sensor. 

30 [0069] The next and previous inputs on the user interface allow the user to change the 

objective lens to lOx, if not already at lOx, position the stage at the next or previous FOI, 
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update the autolocate mode progress indicator (e.g., "3 of 30") on the display, and instruct 
the user (via the display) on how to transition to the next or previous FOI. If the user 
enters next when the current FOI is the last FOI (e.g., all FOIs have been presented), the 
RS 1 emits an audible tone and indicates on the display, as part of the status of specimen 
5 review, that autolocate is complete, if this has not already been done. The RS 1 ignores a 
previous command if the present FOI is the first FOI. The previous command may be 
accompanied by a warning, such as a an audible tone. 

[0070] If the user commands a change to the review mode 612 (e.g., via a review key on 
the console), the RS 1 changes the objective lens to lOx (if necessary) and transitions into 

10 review mode 612. In one embodiment, a user can only change to review mode 612 if the 
number of marked target zones is greater than zero and the initial autolocate review of the 
specimen has been completed. If the user commands a change to the autoscan mode 614, 
622 (e.g., via a scan key), the RS 1 changes the objective lens to lOx (if necessary) and 
transitions into autoscan mode paused 614. In one embodiment, autoscan can only be 

15 selected on the initial review of the specimen and only if the autolocate mode 610 is 

complete. If the user enters a finish command during the initial review of the specimen, 
the RS 1 changes the objective lens to lOx (if necessary) and transitions to the check 
registration mode 618. During a subsequent review of the specimen, when there are new 
electronic marks, the RS 1, in response to the finish command, changes the objective lens 

20 to lOx (if necessary) and transition to the mark specimen mode 616. If during a 

subsequent review of the specimen, when there are no new electronic marks, the RS 1 , in 
response to the finish command, changes the objective lens to lOx (if necessary) and 
transitions to the check registration mode 618. 

[0071] In the review mode 612, electronically marked target zones from the current 
25 specimen review, as well as marked target zones from previous reviews, are presented to 
the user using the lOx objective. The RS 1 indicates the current mode and progress on the 
display, instructs the user (via the display) on how to transition to next/previous marked 
target zones, and presents the first marked target zone (from the first slide review if this is 
a subsequent review) in the FOV. In addition, the RS 1 enables the SPED for user-directed 
30 positioning of the stage, electronic marking/unmarking while the objective is at lOx, mark 
indication while the objective is at lOx, and changing of magnification. 
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[0072] During the review mode 612, all the electronically marked target zones, including 
any marks from previous slide reviews, are available for presentation. The order of 
presentation of marked target zones may be, for example, chronological, such as in the 
order target zones were marked. Alternatively, the presentation order of the marks may be 
5 geographic based. When the user enters a next or previous command via the user 

interface, the RS 1 changes the objective lens to lOx, if not already at lOx, positions the 
stage at the next or previous (respectively) marked target zone, updates the review mode 
progress indicator (e.g., "2 of 5") on the display, and instructs the user on how to transition 
to a next or previous marked target zone. The RS 1 ignores the next command if the 
10 present marked target zone is the last marked target zone. The RS 1 also ignores the 

previous command if the present marked target zone is the first marked target zone. The 
RS 1 may generate a warning, such as a an audible tone. 

[0073] If the user commands a change to the autoscan mode 614, 622, the RS 1 moves to 
the scan start position if an autoscan has not yet been initiated or moves to the current scan 

15 position if an autoscan has already been initiated. The RS 1 subsequently transitions into 
autoscan paused mode 614. Typically, the user may only command a change to the 
autoscan mode 614, 622 during an initial specimen review and only if the autoscan has not 
been completed. If the user enters a finish command during the initial review of the 
specimen, the RS 1 changes the objective to lOx (if necessary) and transitions to the mark 

20 specimen mode 616. If the user enters a finish command during a subsequent review of 
the specimen and there are new electronic marks, the RS 1 changes the objective to lOx (if 
necessary) and transitions to the mark specimen mode 616. If the user enters a finish 
command during a subsequent review of the specimen and there are no new electronic 
marks, the RS 1 changes the objective to lOx (if necessary) and transitions to the check 

25 registration mode 618. 

[0074] Autoscan mode 614, 622 implements an automated full scan of the specimen cell 
spot with the lOx objective in place. Autoscan may be automatic or user-triggered. In an 
automatic autoscan, motion is initiated by the RS 1 and may be paused and resumed by the 
user. While paused, the user can use the SPID for manual positioning and mark/unrnark as 
30 in autolocate and review modes 610, 612. The scan resumes where it left off when the 

user enters a next or resume command. The motion profile for an automatic autoscan may 
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be continuous, consisting of a series of overlapping scan-lines (during which the scan 

speed can be controlled dynamically by the SPID) or intermittent (i.e., start-stop), 

consisting of a series of movements to discrete, overlapping FOVs and including a pause 

at each FOV, the duration of which can be controlled dynamically by the SPID. 

5 [0075] The user-triggered autoscan is identical to a start-stop automatic autoscan, except 
that the user initiates the transitions to successive FOIs by entering a next or previous 
command. In addition, the autoscan direction can be horizontal or vertical, according to 
the user's preference. The autoscan is complete when the entire sequence of moves to scan 
line endpoints (or discrete FOV) has been completed. In one embodiment, a first review 

10 of a specimen requires the entire autoscan to be completed if there are any electronic 

marks. Generally, the autoscan should cover 100% of the specimen cell spot with overlap 
between FOVs. 

[0076] At the start of the autoscan mode 614, 622, the RS 1 calculates the end points of all 
the moves that constitute the scan based upon the cell spot center from the SDR and the 

15 selected motion profile (start-stop or continuous) and orientation (horizontal or vertical). 
The RS 1 moves to the scan start position. In addition, the RS 1 indicates autoscan 
progress and paused condition on the display (e.g. "scan paused - 25 % complete"), which 
will prompt the user to enter the next or resume command to begin/resume the scan if the 
scan is not complete. The RS 1 also enables the SPID for user-directed positioning of the 

20 stage, the electronic marking/unmarking function while the objective is at lOx, the mark 
indication function while the objective is at lOx, and the changing of magnification. If the 
user enters a reset command during autoscan, the RS 1 moves to the scan start position and 
cancels the scan in progress. 

[0077] If the user enters the previous command during automatic start-stop autoscan, the 
25 RS 1 backs the stage up one FOI, if the current scan position is not the scan start position 
and the scan is not complete. When the user enters a next or resume command during a 
user-triggered autoscan and the scan is not complete, the RS 1 moves to the next FOI and 
updates autoscan progress on the display. When the user enters the next or resume 
command and the scan are complete, the RS 1 emits an audible tone. When the user enters 
30 a pause or previous command and the current scan position is not the scan start position, 
the RS 1 moves to the previous FOI and updates the autoscan progress on the display. 
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When the user enters the pause or previous command and the current scan position is the 
scan start position, the RS 1 emits an audible tone. 

[0078] If the user commands a change to the review mode 612 when the number of 
marked target zones is greater than zero, the RS 1 changes the objective to lOx (if 
5 necessary), stores the current scan position, and transitions into review mode 612. If there 
are marks and the user enters the finish command, the RS 1 transitions to the mark 
specimen mode 616. If there are no marks and the user enters the finish command, the RS 
1 transitions to the check registration mode 618. 

[0079] When the user enters a next or resume command during an automatic autoscan and 
10 the scan is not complete, the RS 1 changes the objective lens to lOx (if necessary), moves 
the stage to the current stored scan position (in case user-directed positioning occurred), 
and transitions to an autoscan in progress mode 622. Autoscan in progress mode 622 is 
when automatic scanning is underway and operation has not been paused by the user. It is 
typically only entered during an automatic (continuous or start-stop) autoscan. 

15 [0080] During a continuous autoscan, the RS 1 moves to the end point of the first (present) 
scan line at a speed defined by the user. When the X-axis of the SPID is deflected to the 
right, outside a pre-defined deadband zone, the RS 1 continuously adjusts the scan speed 
upward. Conversely, when the X-axis of the SPID is deflected to the left, the RS 1 adjusts 
the scan speed downward. After completion of each scan line, the RS 1 updates the 

20 autoscan progress indicator on the display. 

[0081] During a start-stop autoscan, the RS 1 moves to the first (next) FOI at a speed 
defined by the user and waits there for a dwell time defined by the user. When the X-axis 
of the SPID is deflected to the right, outside a pre-defined deadband zone, the RS 1 
continuously adjusts the dwell time downward. Conversely, when the X-axis of the SPID 
25 is deflected to the left, the RS 1 adjusts the dwell time upward. After arrival at each FOI, 
the RS 1 updates the autoscan progress indicator on the display. 

[0082] During either a continuous scan or a stop-start scan, the velocity of inter-scan line 
moves is at the FOI-to-FOI speed defined by the user. The RS 1 continues moving to FOIs 
until the final scan line end point or FOI is reached, at which time the RS 1 transitions to 
30 autoscan paused mode 614. When the user enters a pause or previous command prior to 
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scan completion, the RS 1 pauses stage motion, stores the current scan position, and 
transitions to autoscan paused mode 614. 

[0083] In the mark specimen mode 616, physical marks are made on the specimen in batch 
fashion by an object marker at the locations of the electronic marks made during the 
5 present specimen review. The physical marks are then individually presented to and 
verified by the user. The mark indicator cursor illuminates green to indicate that 
electronically marked target zones exist. Upon entering the mark specimen mode 616, the 
RS 1 translates the electronically marked target zone coordinates into object marker 
coordinates using the current translation values for the object marker obtained during the 

10 most recent object marker calibration. For each target zone electronically marked during 
the current review session (typically in the order in which it was electronically marked) the 
RS 1 positions the stage (as necessary) for marking, and creates stage motion (as 
necessary) and marker motion sufficient to make the physical mark on the specimen. For 
each target zone physically marked during the current review session, the RS 1 presents 

15 the physical mark with the objective at lOx and prompts the user to enter a next command 
to verify the mark or enter a reject command if it is not verifiable. 

[0084] If the user enters reject for any mark, the RS 1 prompts the user to confirm that the 
mark is to be rejected by inputting a yes or no command, which typically involves pressing 
the c Y' or *N' key on the keypad. Upon receipt of the yes command, the RS 1 indicates 

20 via the display that the mark has been rejected, emits an audible tone, and waits for the 
user to enter a continue command, after which the RS 1 transitions to the load specimen 
mode 606. In one embodiment, the RS 1 prompts the user to erase all physical marks. 
Upon receipt of the no command, the RS 1 restores the prior operational state. When the 
user verifies the last of the physical marks, typically by entering a next command, the RS 1 

25 caps the marker, if the marker was equipped with a cap, and transitions to the load 
specimen mode 606 if this is a manual review and to the check registration mode 618 
otherwise. 

[0085] If the user enters a cancel review command, the RS 1 transitions to the manual 
review mode 636 accompanied by a warning, for example, suggesting that the user 
30 calibrate the marking device and/or an audible tone. When marks are present, the RS 1 
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additionally prompts the user to erase all physical marks. When the user verifies the last of 
the physical marks, the RS 1 transitions to manual review mode 636. 

[0086] In the check registration mode 618, the registration that was established at the 
beginning of the specimen review in the register specimen mode 608 is verified. 

5 Verification of registration confirms accurate presentation of all FOIs, as long as the 
specimen did not move and later recover position during specimen review. The RS 1 
illuminates the white mark indicator cursor. For each of the two fiducial marks, the RS 1 
positions the stage at the position the user indicated in the register specimen mode 608 
with the objective at lOx and prompts the user to confirm the alignment of the first fiducial 

10 mark in the target zone by entering the next command or reject registration by entering the 
reject command. 

[0087] If the user enters the reject command after the presentation of either fiducial mark, 
the RS 1 displays a warning (e.g., mark rejected), emits an audible tone, turns off the mark 
indicator, and/or prompts the user to enter the continue command. When marks are 
15 present on the initial review, the RS 1 additionally prompts the user to erase all physical 
marks. After entry of the continue command, the RS 1 transitions to the load specimen 
mode 606. If registration is verified, which the user can indicate by, for example, entering 
the next command twice in succession, the RS 1 tunas off the mark indicator and 
transitions to the unload specimen mode 620. 

20 [0088] In the unload specimen mode 620, the RS 1 uploads the updated SDR information 
to the server and makes a specimen reviewed mark on the specimen boundary arc. In 
addition, the RS 1 transforms the marked target zone locations from the present review 
(new marks) back into the IP coordinate system by reversing the transformation performed 
during the register specimen mode 608 and updates the SDR on the server with the time of 

25 the start of specimen review, the total number of marked target zones (any new plus any 
old, and the new marked target zone locations in IP coordinates), and the time of the 
completion of specimen review (present time). 

[0089] If the review was the first review of the specimen, the RS 1 positions the stage for 
creation of the specimen reviewed mark, uncaps the pen or marker, creates the stage 
30 motion and the marker motion as necessary to make the specimen reviewed mark on the 
specimen boundary arc, caps the pen, moves the stage to the specimen load position, emits 
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an audible tone, and prompts the user to unload the specimen. When the specimen is 
removed, as detected by a specimen presence sensor, the RS 1 transitions to the load 
specimen mode 606. 

[0090] Other operational modes include user logout 626, set user preferences 628, error 
5 handling 632, marker calibration 640, software update 638, manual review 636, and 

diagnostics 624, 634. In the user logout mode 626, the user logs out of the RS 1 . The RS 
1 prompts the user to confirm log out, for example, by entering a yes or no command. If 
the user enters the yes command, the RS 1 uploads the user's preferences to the server and 
transitions to the user login mode 604. 

10 [0091] During the set user preferences mode 628, the user is able set her operational 

preferences, including autoscan settings and maximum speed for manual positioning. For 
each user-settable preference, the RS 1 indicates to the user via the display the current 
setting of the parameter and how to change the setting to the desired value. The setting is 
stored locally until the user preferences are updated on the server during the user logout 

15 mode 626. Other user settable preferences include, but are not limited to, scan type, scan 
direction, auto locate, input setup, and SPED setup. By way of example only, the scan type 
settings can include auto continuous, auto start-stop, or user-triggered start-stop; the scan 
direction can include left-right or up-down; autolocate settings can include the FOI-to-FOI 
speeds; and the SPID settings can include user-based or specimen-based. 

20 [0092] At any time during the set user preferences mode 628, except when running a test, 
if the cancel command is entered, the RS 1 transitions to the load specimen mode 606. 
The RS 1 will not save any changes that were not followed by entering a save command. 
When running a test, if the cancel command is entered, the RS 1 stops all motion, cancels 
the test, and returns to the menu displayed before entering the test command. 

25 [0093] The error handling mode 632 is a special mode that handles errors within the RS 1 . 
This mode can be entered from any mode except the power off mode 600. Within the 
error handling mode 632, the RS 1 assesses the error and takes appropriate action. If the 
error does not prevent the system from continuing to operate, the RS 1 takes appropriate 
action and transitions back to the appropriate mode. 

30 [0094] In the marker calibration mode 640, the position of the mark created by the marker 
is calibrated, for example, by being aligned with the stage coordinate system. This 
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procedure may be performed at a variety of times, for example, every time a new marker is 
installed, after an error is encountered while verifying marks, or at least once per user 
session. During the marker calibration mode 640, the RS 1 prompts the user to load a 
blank specimen slide and confirms the slide is loaded by entering a next command. Upon 
5 confirmation of slide load, the RS 1 makes a test mark on the slide at predetermined 

coordinates, presents the test mark to the user using the lOx objective, and illuminates the 
white mark indicator. Further, the RS 1 prompts the user to use the SPID to center the test 
mark within the mark indicator and confirm when the operation is complete. Upon 
confirmation of the test mark, the RS 1 generates the coordinate translation values (AX, 
10 AY) or geometric offsets for the marker. The RS 1 then emits an audible tone, indicates 
completion of marker calibration on the display, and waits for the user to enter a continue 
command, after which the RS 1 transitions to the load specimen mode 606. 

[0095] The software update mode 638 enables the server to download and install new 
software on the RS 1 . All system functionality is typically locked out until the software 
15 update is complete. Upon completion of the software update, the RS 1 returns a message 
to the server and transitions to the pre-system connect mode 602. 

[0096] The manual review mode 636 allows the user to control the motorized stage, the 
motorized nosepiece, and the marker. The user is able to electronically mark/unmark and 
physically mark target zones, as well as review the electronically marked target zones. 
20 Upon entry into the manual review mode 636, the RS 1 moves the stage to the specimen 
load position and prompts the user to load a specimen. After manually inputting a 
command to the RS 1 , the stage moves to a nominal location on the specimen for the start 
of the manual review. 

[0097] During review, when the user enters a next or previous command, the RS 1 
25 changes the objective lens to lOx, if not already at lOx; positions the stage at the next or 
previous marked target zone, if any marked target zones exist; emits an audible tone if no 
marked target zones exist or if the user enters the next command while at the last marked 
target zone or enters the previous command while at the first marked target zone; and 
updates the marked target zone status indicator on the display. 

30 [0098] If the user enters the finish command and there are electronic marks, the RS 1 
transitions to the mark specimen mode 616. If the user enters the finish command and 

30 
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there are no electronic marks, the RS 1 transitions to the load specimen mode 606. In an 
alternate embodiment, opening the specimen holder causes the RS 1 to clear all electronic 
marks and re-enter the manual review mode 636. When the user subsequently enters a 
cancel command, the RS 1 clears all electronic marks and re-enters the manual review 
5 mode 636. If the user enters a finish command and there are electronic marks, the RS 1 
transitions to the mark specimen mode 616. If the user enters the finish command and 
there are no electronic marks, the RS 1 re-enters the manual review mode 636. 

[0099] A system diagnostics mode 628, 638 is entered when the RS 1 is in the user login 
mode 604 and the server attempts to query the RS 1 for information. The RS 1 sends the 
10 requested information to the server and transitions to the user login mode 604. The 
diagnostics mode does not allow for specimen review, but is used to test subsystem 
components and view the status of internal variables. 

[00100] Some of the functions referenced hereinabove are now described in greater detail. 
One such function is electronic marking and unmarking. When electronic marking is 

15 enabled, if the user enters a mark command, the RS 1 determines if the current location is 
electronically marked. If not, the current X, Y coordinates are added to the list of marked 
target zones. If the current location is already within a marked target zone made during the 
current specimen review, the center coordinates of the target zone are removed from the 
list of marked target zones. Mark indication is another function. When mark indication is 

20 enabled, the RS 1 continuously checks stage position and determines if the current location 
is within a marked target zone. If it is, the RS 1 illuminates the mark indicator to be green 
in color. Otherwise, the RS 1 illuminates the mark indicator to be white in color. The RS 
1 performs this checking during user-directed positioning, while the stage is moving or 
when motion ceases. During change of magnification, one of the inputs on the user 

25 interface is used to change objective lenses, for example, from 1 Ox to 40x or from 40x to 
lOx. During cancel specimen review, if the cancel command is entered, the RS 1 stops all 
motion, stage and/or marker, emits an audible tone, and prompts the user for confirmation 
that specimen review is to be cancelled. If a yes command is entered, the RS 1 transitions 
to the load specimen mode 606. The display may issue a warning (e.g., "erase all physical 

30 marks"). If a no command is entered, the RS 1 returns to its previous operational state. In 
addition, the RS 1 may include a specimen presence sensor and associated functions. If 
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the specimen holder is opened at any time during an operational mode in which it is 
enabled, the RS 1 stops all motion, stage and/or marker, displays a warning (e.g., 
"specimen removed-review cancelled"), emits an audible tone, and prompts the user to 
enter the continue command. If the specimen holder is opened after the specimen has been 
5 t physically marked, the display should additionally warn the user to erase all physical 
marks. Upon entering a continue command, the RS 1 restores the object marker to its 
resting state, if necessary, and transitions to the load specimen mode 606. 

[00101] FIG. 4 depicts the RS 1 including peripherals. See also FIG. 1. The RS 1 
includes a review station 2, a user interface 4, and a console 6. The RS 1 also includes a 
10 processor 8, which in FIG. 4 is located within the review station 2. The review station 2, 
user interface 4, console 6, and processor 8 are in electrical, mechanical, and/or data 
communication with one another. 

[00102] FIGS. 5A-5E are illustrations of the review station 2. In some of the figures, 
components have been removed for clarity. The review station 2 includes a frame 3, an 

15 optical instrument 10, an illuminator subsystem 1 1, an illumination control panel 19, and 
focus controls 21 . The review station 2 also provides the structural and optical framework 
for additional custom subsystems, which can be integrated into the review station 2 for the 
purpose of providing the specific functionality. More specifically, the review station 2 
includes a motorized stage 12, an OCR reader 16 (ID reader), a motorized two-position 

20 nosepiece 14, a mark indicator 20 (visual indication of mark location in the FOV), an 

object marker 18 (physical marking of an object of interest in a specimen), a processor 8, a 
Koehler illuminator, an illuminator controller 23, an upper arm 27 (including the mark 
indicator module 20 and the object marker subsystem 18), and an eyepiece 29. 

[00103] The frame 3 is similar in size and form as compared to microscopes currently 
25 used in a clinical setting. The frame 3 has a low center-of-gravity, resists damage due to 
shock or vibration, and minimizes potential pinch points, for example, from stage, 
nosepiece, or object marker motion. In one embodiment, the frame 3 has a high degree of 
stiffness to minimize movement in the eyepiece 29 during quick stage moves. The frame 3 
includes a upper arm 27 that has minimal deflection. In some embodiments, a support leg 
30 may be used to minimize further the deflection of the upper arm 27. The FOV may 

become blurred during 40x viewing if the upper arm 27 deflects too much. The frame 3 
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can incorporate four rubber non-skid feet 37 fastened to its base. These rubber feet 37 can 
minimize shock to the review station 2, dampen impulses and environment oscillations, 
and prevent sliding on the bench top surface. The frame 3 can be made from cast 
aluminum; however, other materials, as known to one of ordinary skill in the art, are 
5 contemplated. 

[00104] The review station 2 shown in FIGS. 5A-5E utilizes Koehler type illumination 
for lighting the specimen. The illumination system provides the user with easy access to 
the bulb chamber to replace the bulb and for adequate thermal cooling in the illumination 
area. Proper cooling extends the bulb life and reduces user hazards related to the elevated 
10 external surface temperatures. Adjustment of the illumination aperture 41 (view diameter 
of the illumination source) has easy access, smooth motion, and an adequate gripping 
surface. The illumination system 11 includes an illumination control panel 19. The 
illumination controls (power, light intensity, green mai'k indicator intensity, and white 
mark indicator intensity) are grouped within easy accpss of a focus knob 21 . 

15 [00105] The motorized nosepiece subsystem 14 is located on the bottom side of the upper 
arm 27 of the frame 3. The nosepiece 14 provides automated selection and positioning of 
the objective lenses 43, 45 as commanded. In the embodiment shown in FIG. 5A, the 
objective lenses 43, 45 are 10X and 40X; however, other magnifications could be selected 
to suit a particular application. The nosepiece 14 rotates from side-to-side approximately 

20 60° to switch between the two objective positions. The necessary motor 13, sensors 17, 
and drive system are mounted behind the objective holder 47. The right objective mount 
provides two set screws to translate the objective in a plane perpendicular to the optical 
path. This allows for parcentricity adjustments. To provide parfocality, adjustment shims 
can be added between either of the two objectives 43, 45 and the nosepiece 14 to decrease 

25 the distance to the common focal plane. The objective lenses 43, 45 can be standard 
Olympus UIS series infinitely corrected optics. The nosepiece subsystem 14 operates 
using a DC permanent magnet brushed servomotor 13 with an integral gear head. The 
motor 13 operates at about 5 volts (V) and has about 22 ohms of resistance. The gear head 
drives a cam follower that pushes the objective holder 47 from side to side. Another cam 

30 and spring arrangement causes the nosepiece 14 to toggle and hold over at correct 
objective locations. 
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[00106] Electrically, there are three components, a motor 13 and two sensors 17, one for 
each end of travel, to indicate the objective is in place. The two optical interrupt sensors 
17 take +5V and ground inputs and produce an output that is low when a flag is blocking 
the sensor. The motorized nosepiece 14 interfaces to the review station 2 via the processor 
5 8. The review station processor 8 monitors the rotary position of the nosepiece 14 via 
position sensors 17 connected to digital input ports. The user can toggle the nosepiece 
position via a user interface input, such as an objective selection button 15. 

[00107] The specimen ID reader subsystem 16 is located within the upper arm 27 of the 
frame 3. The slide ID reader 16 is used in the RS 1 to acquire an image of a specimen 

10 label and uses OCR to determine the specimen ID and CRC. In one embodiment, the 
specimen ID reader 16 is a custom Welch Allyn camera and processor that includes a 
camera, a lens, a CCD sensor, a light source, a processor, and a frame grabber. The 
specimen ID reader 16 has a working distance (i.e., the distance from the camera lens 
surface to the specimen label surface) of about 3.7 inches; however, the working distance 

15 can vary to suit a particular application. The specimen ID reader 1 6 has a viewing angle 
(i.e., the angle deviation from parallel between the camera lens surface and the specimen 
surface) of about 13° +/- 2°; however, the viewing angle can be chosen to suit a particular 
application. The specimen ID reader 16 operates accurately in an external light 
environment such as normal office lighting (e.g., 100 foot-candles). 

20 [00108] The specimen ID reader 1 6 captures an image of the specimen ID and CRC on 
the specimen label. The specimen label may have at least one line of characters with up to 
7 characters on a line. The label may include characters representing a patient ID. In one 
embodiment, the last three characters are the CRC. All characters are OCR-A and are 
limited to the digits 0 through 9 and the symbol The electrical interface to the 

25 specimen ID reader 16 consists of two cable assemblies, which can be combined into one 
for routing from the review station processor 8. Communication over the interface is bi- 
directional and allows the review station processor 8 to control the specimen ID reader 16 
and receive the specimen ID data or any error messages. 

[00109] The motorized stage subsystem 12, which is located on the frame 3, can be seen 
30 in FIG. 13. The motorized stage 12 moves the specimen in the horizontal plane with 

respect to the motorized nosepiece 14 to facilitate specimen loading, specimen ID reading, 
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specimen review, viewing of the fiducial marks, and object marking. In addition, the 
motorized stage 12 is used to position the slide specimen area in the FOV to facilitate the 
location of FOIs, marked target zones, and destinations arrived at manually. The stage 12 
can move at a constant velocity in a single direction within the cell spot boundary during 
5 an autoscan mode 614, 622. Further, the stage 12 moves the specimen to create physical 
marks, for example, the specimen reviewed mark. See FIGS. 15A and 15B. The stage 12 
includes hard stops 6 1 to limit travel on the X and Y -axes 62, 64 and sensors 63 to indicate 
home positions, and a sensor 65 to sense the presence of a specimen on the stage 12. The 
sensors 63, 65 are hall-effect switches, but could also be limit switches, proximity 
10 switches, or optical or magnetic sensors. In one embodiment, the stage size is about 255 
mm wide, 280 mm deep, and 90 mm high. 

[00110] The stage 12 provides travel along two orthogonal axes, where the X-axis 62 is 
left/right and the Y-axis 64 is front/back. Each axis 62, 64 includes a platform 69 guided 
on a linear bearing system. A DC servomotor 66 drives each axis 62, 64 through lead 

15 screws 68 with the drive system using plastic anti-backlash nuts 70 to 'minimize backlash. 
In order to minimize loads on the motor shaft and maintain axial alignment of the encoder 
72, the lead screws 68 are mounted with a centering coupling system 74 on the servomotor 
end and thrust bearings on the other end. Both axes 62, 64 are controlled using encoder 
feedback and home sensors 63. The stage 12 includes a specimen holder 71 mounted on 

20 the Y-axis platform 69 to maintain alignment of the specimen with the stage 12. A spring- 
loaded arm 76 allows the user to load and unload the specimen, and a sensor 65 is included 
to verify the presence of a specimen in the specimen holder. 

[00111] The stage 12 is attached to the frame 3 by a Z-axis horizontal mount. The stage 
12 is fastened to the horizontal mount using screws; however, other commonly known 

25 fastening methods could be utilized, such as welding, rivets, chemical bonding, and the 
like. The stage 12 includes locating features, such as pins, in order to establish the stage 
position relative to the frame 3. In one embodiment, the X-axis motion is about 60 mm 
and the Y-axis motion is about 56 mm. A double shaft, DC brushed servomotor is used 
for the X and Y axis drive. The lead screw pitch is about 2 mm, and a self-centering 

30 coupling is used to connect the lead screw to the motor to maintain axial alignment. A 
thrust bearing can be used to support the lead screw free end to minimize velocity ripple. 
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In one embodiment, the stage 12 has a maximum speed of 32 mm/sec and a minimum 
speed of .02 m/sec; however, the stage speed can be selected to suit a particular 
application. The drive connection may use an anti-backlash nut to minimize backlash, for 
example, a drive screw/nut that is self-lubricating to eliminate servicing requirements and 
5 minimize noise and stiction. The stage 12 incorporates motor covers 77 to cover and 
protect the motors, sensors, and wire harnesses. The motor covers 77 also protects the 
user from any possible pinch points. 

[00112] The stage home position is determined using one sensor 63, for example a hall- 
effect switch, per axis. A hard stop 61 is used to prevent damage in the event of loss of 

10 motor control. The specimen holder 71 incorporates a sensor 65, for example a hall-effect 
switch, to detect specimen presence. In order for the specimen to be loaded properly and 
the correct position maintained through a full sequence of operations, it is desired that the 
specimen sensor arm 79 actuation force be significantly lower than the specimen retaining 
arm 76 actuation force. For example, the actuation force of the specimen sensor arm force 

15 can be about 5 g to about 20 g and the specimen retaining arm force can be about 100 g to 
about 140 g. This arrangement helps to prevent the sensor arm 79 from moving the 
specimen away from a datum position. The slide retaining arm 76 should apply sufficient 
force on the specimen to prevent any movement of the specimen away from the datum 
position during object marking. The specimen resting surface 73 is preferably stiff, flat, 

20 resistant to scratching, and has a low friction coefficient with little noticeable stiction. In 
one embodiment, the specimen resting surface has a flatness of ±4 \xm over 0.22 mm. 

[00113] Each axis has a brushed DC servomotor 66 for motion. Each motor 66 can be 
controlled via a separate servomotor interface module in data communication with the 
review station processor 8. Feedback is provided by an optical encoder 72 mounted on the 
25 motor shaft; however, other feedback devices can be used. The interface module supplies 
power to the motors 66 and monitors encoder feedback. Each axis has at least one sensor 
63 that determines the home position of the stage 12 and interfaces with the review station 
processor 8. The home sensors 63 are used to establish the stage home position. The 
specimen presence sensor 65 also interfaces with the review station processor 8. 

30 [00114] One embodiment of an illuminator subsystem in accordance with the invention is 
shown in FIG. 5E. The illuminator subsystem 1 1 is located in the lower arm 49 of the 
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frame 3 and provides for the illumination of the specimens being viewed on the review 
station 2. The frame 3 supports and aligns the illuminator 1 1 with respect to the condenser 
assembly 57 and optics. Alignment and calibration of the condenser assembly 57 
facilitates proper specimen illumination. The illuminator 1 1 includes a base plate with 
5 access door, a power supply, an illumination controller 23, and a halogen lamp. The 

power supply and illumination controller converts AC voltage into the user-adjustable DC 
voltage supplied to the halogen lamp. The lamp is located in a lamp holder that is attached 
to the access door on the base plate. This positions the lamp for illumination of the 
specimen through the condenser assembly 57 and allows the lamp to be accessed for 
10 replacement. Heat from the lamp is transmitted through a heat shield and base plate and is 
dissipated to the frame 3. The base plate provides structure for the illuminator 1 1 and 
attaches to the bottom of the frame 3. In one embodiment, the illuminator operates at 90- 
264 VAC, single phase, 47-63 Hz, and has a power output of 35W. 

[00115] The illumination control panel 19 is located on the side of the lower arm 47 of 
15 the frame 3 and provides an on/off switch 59 and control 23 for adjusting illumination. 
The control panel 19 also holds the potentiometers for adjusting the intensity of the white 
and green mark indicator images. 

[00116] FIGS. 8 and 9 illustrate one embodiment of the object marker subsystem 18. 
Specifically, FIG. 8 is the assembled object marker subsystem 18, as it resides on the 

20 review station 2, and FIG. 9 is an exploded view of the object marker subsystem 18. The 
object marker subsystem 18 is located on the review station 2 under the upper arm 27 and 
behind the stage 12. The marker 81 places physical marks at the locations of electronically 
marked target zones on a specimen mounted on the stage 12. The marker's functions 
include, but are not limited to, physically placing marks on the specimen to indicate sites 

25 where further investigation is suggested, physically marking the specimen to indicate that 
the specimen has been reviewed, and providing for capping and sealing the marker 81 
when not in use. The marker 81 is capable of marking on conventional glass slides, float 
glass slides, coatings on the glass slide, glass coverslips, and plastic coverslips. 

[00117] In one embodiment, the marker utilizes a Sharpie® pen, which can be obtained 
30 from the Sanford Corporation in Bellwood, IL, to generate the mark on the specimen. This 
pen is widely used and accepted for manually marking cover slips and slides. The solvent 
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based ink marks reliably and quickly on glass or plastic cover slips, dries quickly so it does 
not smudge easily, is fairly translucent, and is non-toxic. The marker motion is provided 
by a cantilevered arm 80 rotating about a fixed pivot point 83. This arrangement provides 
highly repeatable, reliable motion with minimal frictional effects. One linear stepper 
5 motor 88 is used to drive the marker 8 1 ; however, other numbers and types of actuators are 
contemplated. A sensor 87 is used to establish the home position of the marker 81 . 

[00118] The object marker subsystem 18 includes a capping/uncapping mechanism 79. 
The uncapping motion is spring actuated; however, other types of biasing apparatus 90 are 
contemplated. The capping motion is actuated by the stage 12. The stage 12 moves to a 
1 0 specific position to push the marker cap 84 into an engagement position with the marker 
81 . The stage 12 includes a pin 97 or other type of protuberance to contact the cap arm 82 
and drive the cap arm 82 into the engagement position. 

[00119] The marker 81 is positioned at a tilt angle of approximately 24°; however, other 
angles are contemplated. Orienting the marker 8 1 at an angle positions the marker 8 1 

15 closer to the optical axis, which minimizes the required stage travel and size. The marker 
81 is held firmly during operation, without slippage or backlash due to variation in marker 
manufacturing. The marker holder 89 is located on the right side of the frame upper arm 
27. The marker 81 is easy to load and unload. The marker holder 89 weight is minimized 
to prevent any incremental weight from contributing to potential marker impact issues on 

20 the specimen. In addition, the marker holder 89 can include a clamping mechanism to 
securely hold the marker 8 1 and is structurally robust enough to prevent damage due to 
accidental bumps. 

[00120] The marker cap 84 provides a repeatable and reliable airtight seal compliant with 
the manufacturing variation of the marker 8 1 . The cap 84 includes a replaceable 
25 diaphragm 85 to allow for replacement due to wear and damage. This diaphragm 85 is 
easily replaced by the user. The diaphragm 85 has a combination of a low 
insertion/extraction force and a high seal compliance to assure reliability. 

[00121] During marker 81 loading, the marker arm 80 moves to a home position (up in 
the current embodiment) and the marker cap 84 moves to an disengaged position. The 
30 marker 81 is manually loaded and clamped in the holder 89. The RS 1 then proceeds to 
make a sequence of marks to calibrate the marker's vertical position relative to a focal 
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position of the specimen. During marking, the marker arm 80 raises the marker 81 to the 
home position. As the marker arm 80 is raised, the spring loaded cap arm 82 releases from 
the marker 81 and the cap 84 is biased away from the marker 81. In some embodiments, 
the stage 12 will position the specimen into a marking position relative to the marker 81. 
5 Next, the marker arm 80 lowers the marker onto the specimen with a controlled velocity, 
and the stage 12 moves the specimen relative to the marker 81 to create the mark. In some 
embodiments, the stage 12 makes multiple corresponding moves to repeatedly mark the 
specimen in an over- writing fashion. The mark is a combination of line segments and/or 
arcs that at least partially bound the object of interest, an example of which is shown in 
10 FIG. 16. The marker arm 80 raises and maintains this marker position if further marks are 
required. If there are no more marks to be made, the marker arm 80 returns the marker 81 
to the home position. The stage 12 then moves the cap arm 82 and cap 84 into the 
engagement position. The marker arm 80 lowers the marker 81 into the marker cap 84. 

[00122] In one embodiment, the maximum allowable normal force (Z-direction) the 
15 marker 8 1 may transmit to the specimen is 30g. This is intended to minimize the marker 
impact on the specimen. To prevent cell migration due to marker loading on the specimen, 
in particular, a coverslip may be located over the specimen. A high impact may cause cell 
migration and/or marker 81 bounce. 

[00123] To ensure accuracy, the marker 81 should be calibrated each time it is replaced. 

20 Calibration is recommended due to the relatively high accuracy needed for the maker 
location and the corresponding large variation in the manufacturing tolerances of the 
marker 81. A calibration procedure is used to establish the position of each new marker 81 
to ensure that a mark is placed accurately with respect to a marked target zone. Once 
calibrated, the dimensional variation between the mark indicator center and the physical 

25 mark center during repeated cycles is preferably about ±0.1 mm or less. 

[00124] FIGS. 10-12 depict the mark indicator module 20. The module 20 is located in 
the upper arm 27 of the review station frame 3, directly above the motorized nosepiece 14. 
The bottom of the mark indicator module 20 interfaces to the review station 2 via an 
optical mount ring. The mark indicator module 20 produces a shaped pattern 470 in the 
30 FOV that indicates to the user whether a target zone is marked or not. The shaped pattern 
470 can be a line segment, an arc, or combinations thereof, for example, an "L" or "V" 
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shape. The mark indicator 20 is also a means for the user to locate material in the FOV 
prior to electronic marking or a feature present in the optical path utilized in establishing 
or verifying registration, i.e. a fixed reference within the FOV to which fiducial marks on 
the slide may be aligned by the user. In one embodiment, the mark indicator 20 is a device 
5 that produces an LED-illuminated pattern 470 that overlays the view of the specimen seen 
by the user. The pattern 470 is produced by directing light from an LED 450 through a 
mask 452, focusing and combining the resulting pattern 470 in the optical path 466 
between the objective 43, 45 and the optical instrument 10. The mark indicator 20 
includes an illumination light source 450 (white and green LEDs), a diffuser 454, a mask 
10 452 with an opening the shape of the indicator pattern 470, an aperture 456, a lens 458, a 
beam splitter 460, a housing 462, and pattern alignment and focusing features. In one 
embodiment, the illumination light source 450, the diffuser 454, the mask 452, the 
aperture 456, the lens 458, focusing optics 464, and the beam splitter 460 are in serial 
relationship beginning with the light source 450. 

15 [00125] The illumination source 450 includes two green LEDs 451 and two white LEDs 
451; however, any number and/or color of LEDs may be used and, depending on the 
particular application, illumination sources other than LEDs may be used, such as a 
halogen bulb. When the green LEDs 451 are on, a green shaped pattern 470 is visible to 
the user looking into the eyepieces 29 of the review station 2. Similarly, when the white 

20 LEDs 45 1 are on, a white shaped pattern 470 is visible to the user. The operation of the 
LEDs 451 is mutually exclusive, such that either of the sources of illumination (green or 
white) can be on, but not both. The LEDs 45 1 are directed at the diffuser 454, which 
ensures that the pattern 470 is uniformly illuminated by the LEDs 451. 

[00126] In the illustrated embodiment, the mask 452 is a chrome deposit on a glass 
25 substrate in the shape of the indicator 470, where the shape is clear and the background is 
opaque (chrome). This allows the light generated by the LEDs 451 to pass through the 
mask 452, thereby generating the shape 470 seen by the user. The aperture 456 reduces 
stray light and limits the numerical aperture of the system. The lens 458 allows the pattern 
470 to be properly focused in the optical path 502. The beam splitter 460 combines the 
30 pattern image into the review station optical path 466. The housing 462 offers mechanical 
support for the optical and electrical elements of the mark indicator 20. The pattern 
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alignment and focusing features allow the pattern 470 to be properly centered (translated), 
rotated, and focused so that the pattern 470 appears at the correct orientation, position, and 
in focus in the review station FOV. Electrically, the mark indicator LEDs 45 1 connect to 
digital output lines from a digital output port 453 to the processor 8. The brightness of the 
5 illumination source 450 can be adjusted by varying series resistance in the output lines. 

[00127] Referring now to FIG. 16, an "L" shaped mark indicator pattern 470 is shown. 
The dimensions shown are approximate and for illustrative purposes only. In the 
embodiment shown, the pattern 470 is about 1 mm by about 1 mm and about 0.5 mm 
wide; however, the size and shape of the pattern 470 can be chosen to suit a particular 
10 application. As can be seen, the pattern 470 at least partially bounds the marked target 
zone 472 on two sides. 

[00128] The user interface 4 is illustrated in FIG. 6. The user interface 4 is typically 
located on a work surface adjacent to the review station 2. The user interface 4 is an input 
device intended for use when the user's visual attention is required for viewing in the 

15 re vie w station 2. The user interface is a two-piece plastic housing 50 with five 

input/output devices. The user interface 4, however, may include any number and/or 
combination of input/output devices to suit a particular application. In one embodiment, 
the input/output devices include a specimen position input device ("SPID") 52 and four 
independent buttons 54 facilitating the following commands: next, previous, objective, 

20 and mark. The user interface 4 allows the user to manually position the stage 12 via the 
SPID 52. The SPID 52 is used for centering FOIs within a target zone for subsequent 
review and marking by a user. 

[00129] The housing size and shape is intended to provide ergonomic benefit to the user 
as well as the physical space required for the electronic components. The size is preferably 

25 small to minimize the space required for the user interface 4. The housing 50 may be 

fabricated from sheet metal, plastic, machined components, or combinations thereof. The 
housing base 51 may include non-skid rubber feet attached to the bottom to prevent 
slipping during use. The rubber feet are adequately spaced to prevent tipping during 
button actuation. In one embodiment, the housing 50 is shaped to orient the input/output 

30 devices at about 15° relative to the work surface to provide for ease of use. 
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[00130] In one embodiment, the SPID 52 is a button joystick that utilizes hall-effect 

sensor technology to sense displacement along two orthogonal axes. The SPED 52 utilizes 

the magnitude of the displacement along the two axes to control the speed and direction of 

the stage 12. The SPID 52 outputs are two analog signals ranging from 0 to 5 volts. The 

5 other input devices are push-buttons 54, but could be any similar device, such as a toggle 

switch. The buttons are positioned relatively close to the SPID 52 for ease of use; The 

button force and travel characteristics are similar to a computer "mouse" feel with 

relatively low actuation force (e.g., <200 g), and high tactile response for user feedback. 

The user interface 4 houses an electrical interface 53 that is in data communication with 

10 the RS processor 8 via a cable 99. 

[00131] The following is one example of an application of the user interface. The SPID 
52 can be used to align fiducial marks with a mark indicator 470 to establish registration. 
Two of the buttons 54 function as next and previous commands for sequencing through a 
predetermined number of FOIs during an autolocate mode 610 and through a series of 
15 electronically marked target zones (if any) during a review mode 612. The buttons 54 
trigger the transition to the next or previous FOIs in a user-triggered autoscan. A third 
button 54 can be used to electronically mark or unmark a target zone. A fourth button 54 
can be used to toggle between multiple objective lenses, for example lOx and 40x. 

[00132] The console 6 is illustrated in FIG. 7. The console 6 is also typically located on 
20 the work surface adjacent to the review station 2. The console 6 is an input/output 

interface for the review station 2 intended for use when the user's visual attention is not 
required for viewing in the review station 2. The console 6 includes a housing 30, a 
■ keypad 32; a display 36, a serial interface/controller, and a cord 39. The housing 30 
protects and supports the electronic components contained within and may be fabricated 
25 from sheet metal, plastic, machined components, or combinations thereof. The housing 30 
size and shape is intended to provide ergonomic benefit to the user as well as the physical 
space required for the electronic components. The width of the housing base should be 
optimized to provide adequate button spacing and to minimize tipping during keypad entry 
and to minimize overall console profile. The housing base may include non-skid rubber 
30 feet attached to the bottom to prevent slipping during use. The rubber feet are adequately 
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spaced to prevent tipping during button actuation. In one embodiment, the console is 
about 3.6" high, about 6.3" deep, and about 4.6" wide. 

[00133] In one embodiment, the display 36 is a 128 x 64 backlit, dot-matrix graphics 
LCD. The character height is about 6 mm. The character height should be optimized to 
5 provide adequate viewing from a nominal distance of about 3 feet; however, the text 

height could be varied for any particular application. The display 36 has a viewing angle 
of about 35° to provide for optimal viewing. The display 36 is viewed through a 
protective window 31 on the console bezel 33. The display 36 presents the user with the 
following information: system status including progress updates, display error log, 
10 maintenance record, usage history entries, prompts and error messages, user preference 
menus, diagnostic information, and the current operational mode of the device; however, 
this list is not exhaustive. 

[00134] The keypad 32 may be a membrane switch with a graphic overlay. The 
membrane switch utilizes a metal dome (in a specific "dummy dome" construction 

15 method) to enhance switch tactile feedback. In one example, the keypad actuation force is 
less than 250g. The keypad 32 has the following keys: 0-9 (numeric), soft (software 
definable) keys, and cancel. The soft keys 34 are buttons in the vicinity of the display 36. 
The labels associated with these keys 34 appear on the display 36. The labels and the 
actions associated with pressing the soft keys 34 may change depending upon the current 

20 operational mode. Keypad 32 orientation is preferably 1 5° to provide for ease of keypad 
entry. Examples of console functions performed via the keypad 32 include accepting 
inputs from the user, inputting user identification during login, manual slide ID input, 
changing the operational mode (autolocate 610, review 612, autoscan 614, 622, and 
manual review 636) of the RS 1, accept user input to complete specimen review, accept 

25 user input to logout, accept input of user preferences, and accept user input to cancel a 
slide review, among others. The serial interface/controller is a PCA that has an RS-232 
interface to a Parallel-Serial Interface Module (PASEIM) on the processor 8. The serial 
interface/controller controls the LCD, stores fonts, graphics, and macros, and scans and 
encodes the keypad 32 and operator interface buttons 35. 

30 [00135] FIG. 14 depicts one embodiment of a target zone mark 474, the dimensions of 
which are approximate and for illustrative purposes only. The mark 474 is essentially an 



43 



WO 02/37158 PCT/US01/46810 
"L" shape; however, the size and shape of the mark 474 can vary to suit a particular 

purpose. For example, the mark can include line segments, arcs, or combination thereof, 

which at least partially bound a target zone 472. 

[00136] An embodiment of the slide reviewed mark 480 is shown in FIGS. 15A and 15B. 
5 The mark 480 is a vertical line about 1 mm thick and about 5 mm in height centered on a 
screen-printed left hand arc of the specimen slide shown in FIG. 15 A. FIG. 1 5B is a 
partial enlarged view of FIG. 15A and shows dimensions, which are approximate and 
illustrative only, for one embodiment of a slide reviewed mark 480. The size and shape of 
the mark 480 can be selected from line segments, arcs, or combinations thereof. 

10 [00137] FIG. 17 is a graphical representation of one possible electrical arrangement for an 
embodiment of a RS 1 in accordance with the invention. 

[00138] FIG1 18A depicts one embodiment of an accelerometer 490 that can be used with 
an imaging system for accommodating vibration errors that occur during imaging. The 
dimensions shown are approximate and for illustrative purposes only. The size and model 

15 accelerometer 490 used will vary to suit a particular application. The accelerometer 490 is 
typically a high-precision, high-resolution device utilizing a ceramic shear mode sensing 
element. The accelerometer 490 shown has a voltage sensitivity of 100 mV/g, a 
measurement range of +/- 50g [+/- 491 ms2 peak] for +/- 5 V, a frequency range of 0.2 to 
20,000 Hz (preferably 1 to 10,000 Hz), and an excitation voltage of 1 8-30VDC/2-20 mA. 

20 The accelerometer 490 can be a commercially available product, such as model 352C66 
available from PCB Piezotronics of Depew, NY. The accelerometer 490 includes an 
electrical connector 494 for electrical communication to a processor. 

[00139] FIG. 1 8B depicts the accelerometer 490 of FIG. 18A mounted on one 
embodiment of a frame 492 for the imaging system. Mounting is via a threaded end 496 

25 on the accelerometer 490; however, the mounting can be done via any known methods of 
fastening. The accelerometer measures the vibration the imaging system experiences 
while imaging a specimen. The vibration measurement is taken for each portion of the 
specimen that is imaged. If the measurement exceeds a set threshold, the system will re- 
image the portion of the specimen that was being imaged immediately following the 

30 vibration measurement. If the number of portions re-imaged exceeds a set threshold, the 
system may reject the specimen. Alternatively, if the vibration measurement exceeds a 
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second set threshold, the system may reject the slide without re-imaging the specimen 
portion. 

[00140] Referring to FIG. 19, one embodiment of the slide holder assembly 100 is shown. 
A first platform 104 of the slide holder assembly 100 is movably connected to a base 102. 
5 The first platform 1 04 slides relative to the base 102 via a series of rails 130 on the base 
102 that contact mating surfaces 128 on the underside of the first platform 104. This 
movable relationship of the first platform 104 relative to the base 102 may be achieved by 
any suitable mechanism including, but not limited to, a tongue and groove mechanism, a 
sliding dove-tail joint, a roller assembly, a ball bearing assembly, or combination thereof. 

1 0 A second platform 1 06 is attached to the first platform 1 04. Attachment of the second 
platform 106 to the first platform 104 can be by welding, bonding, rivets, bolts, machine 
screws, or other suitable attachment methods. The base 1 02 can be connected to an 
actuating table 108. The connection between the base 102 and the actuating table 108 may 
be a permanent attachment or a temporary attachment, so that the base 102 may be 

15 detached from the actuating table 108 and a different embodiment of a slide holder 
assembly 1 00 may then be configured. The actuating table 108 itself may be fixed to 
ground or temporarily attached to a suitable support via a lock and release mechanism. 

[00141] Respective upper surfaces of the base 102, the first platform 104, the second 
platform 106, and the actuating table 108 are shown as being substantially rectangular in 
20 shape; however, the shape of these surfaces may be circular, triangular, oval, elliptical, 
square, an irregular contour, or any other suitable geometric shape. In addition, the base 
102, the first platform 104, the second platform 106, and the actuating table 108 may be 
any suitable three dimensional solids and are not limited to machined or molded 
rectangular solids. 

25 [00142] The base 102, the first platform 104, the second platform 106, and the actuating 
table 108 may be made from the same or differing materials through molding, machining, 
casting, sculpting, cutting, etching, thermosetting, or other suitable fabrication process. 
The class of suitable materials for the base 102, the first platform 104, the second platform 
106 and the actuating table 108 includes metals, alloys, woods, plastics, composite 

30 materials, resins, or any other sufficiently strong and durable material. Similarly, any 
component part of the holder assembly 100 may be made of any material as may be 
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suitable to the operational requirements of the component part. In addition, any of the 
component parts disclosed in this specification and the various embodiments of the 
invention illustrated herein, may be hollow, solid, or a combination of both, as required for 
a particular application. 

5 [00143] A first slide positioning member 110 and a second slide positioning member 1 12 
are shown connected to the second platform 106. A stop 1 13, in this embodiment of the 
invention, is em edge wall of a recessed cavity within which the slide 116 may be 
positioned by the first slide positioning member 110 and the second 112 slide positioning 
member. The stop 113 may also be, for example a raised pin, a tab, a recessed cavity, a 

10 ridge, a groove, any combination of the preceding structures, or any other suitable slide 
restraining structure. In various embodiments of the invention, the slide 1 16 is preferably 
manufactured of float glass, which is extremely flat. The open configuration of the second 
platform 106 in this embodiment of the invention allows viewing, imaging, and marking 
systems easy access, in conjunction with robotic systems for slide positioning and transfer 

15 to and from the imaging system. 

[00144] The slide actuating mechanism 1 14 in this embodiment is manufactured from 
formed sheet metal, although other suitable materials may be used. The first slide 
positioning member 110 and the second slide positioning member 112 engage the 
actuating mechanism 114 when the first platform 104 is moved relative to the base 102. 

20 This occurs, in part, because the actuating mechanism 1 14 is attached to the base 1 02. The 
actuating mechanism may be bolted, welded, chemically bonded, or otherwise physically 
connected to the base 102. The actuating mechanism 1 14 engages the first slide 
positioning member 110 and the second 1 12 slide positioning member at protrusions 134 
extending from the actuating mechanism 1 14. Alternative actuating mechanisms include, 

25 a cam system, an actuating motor, an internal spring system, or other suitable apparatus or 
structure. 

[00145] Still referring to FIG. 19, the biasing of the first 1 12 slide positioning member 
110 and the second 112 slide positioning members towards the slide receiving area with a 
slide 1 16 in contact with the stop 1 13 is achieved by the presence of a first resilient 
30 member 120 and a second resilient member 1 18 in contact with the respective positioning 
members 1 10, 1 12. The slide positioning members 1 10, 1 12 are rotatably mounted to the 
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second platform 106. The resilient members 120, 118 are connected to the positioning 
members 1 10, 1 12 so that when the resilient members contract, they cause the slide 
positioning members 110, 1 12 to rotate towards the slide receiving area. When the 
resilient members 120, 1 1 8 are springs, they may be connected to the slide positioning 
5 members 110, 112 and to the second platform 106 through drilled holes 132 in the 

members 110, 112, and the second platform 106 respectively. The resilient members 120, 
118 and the positioning members 1 12, 1 10 may also be connected via chemical bonding, 
screws, bolts, catches, hooks, or other suitable means. The resilient members 120, 118 
may be springs, elastic bands, collapsible shocks, or other suitable devices in various 
1 0 embodiments of the invention. 

[00146] The resilient members 120, 118 bias the first 110 slide positioning member and 
the second 112 slide positioning member towards the slide receiving area. This biasing is 
opposed when the actuating mechanism 114 causes the slide positioning members 110, 

1 12 to pivot away from the slide receiving area to facilitate removal of a slide 116 from the 
15 assembly 100. The actuating mechanism 1 14 in this embodiment of the invention has two 

raised protrusions 134. When the first platform 1 04 slides relative to the base in a first 
direction, the actuating mechanism 1 14, which is fixed to the base 102 makes contact with 
each slide positioning member 1 10, 1 12, such that one protrusion 134 contacts one 
member. The protrusions 134 move against the slide positioning members 1 10, 1 12 as the 

20 base 102 and first platform 104 continue to move relative to one another, in a first 

direction, which causes the members 110 and 1 12 to rotate away from the slide. When the 
base 102 and the first platform 104 move in the opposite direction, the protrusions 134 
disengage from the positioning members 110, 112 and the tension supplied by the resilient 
members 120, 118 causes the respective slide positioning members 110, 1 12 to move 

25 toward and contact the slide 116, which moves the slide 116 into contact with the stop 
113. The slide 1 16 is held in place by opposing contact forces originating from the stop 

113 and the slide positioning members 110, 1 12 as biased by the resilient members 120, 
118. 

[00147] Referring to FIG. 20, another embodiment of the slide holder assembly 100 is 
30 shown. In this view of the holder 100, only one slide positioning member 1 12 is visible. 
This embodiment is similar to that described herein above with respect to FIG. 19. For 
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example, the base 102, the first platform 104, and the second platform 106 are very similar 
to those shown in FIG. 19. The embodiment shown in FIG. 20 does differ from that 
shown in FIG. 19 in some respects. For example, this embodiment depicts a motor 122 for 
driving the actuating table 108. The motor 122 may be a solenoid, servo, or any other 
5 suitable actuating device. In addition, this embodiment shows the actuating mechanism 
1 14 as a solid machined member. The protrusions 134 extending from the solid member 
actuating arm 1 14 in FIG. 20 are raised round cylinders. This differs from the protrusions 
134 in FIG. 19, which are shown as cut metal tabs. 

[00148] Referring to FIG. 21, the arrow 124 illustrates the direction in which the 

10 actuating table 108 may move the base 102, the first platform 104, and the second platform 
106. This view of the holder 100 shows a slide 1 16 in an unsecured position in the slide 
receiving area of the second platform 106 with the first slide positioning member 110 and 
the second slide positioning member 112 actuated away from the slide 1 16 by the 
protrusions 134 of the actuating mechanism 114. Arrow 126 illustrates the motion of the 

15 first platform 104 relative to base 102. The resilient members 120, 118 are connected to 
the second platform 106 and are oriented substantially parallel with the motion of the 
platform. Arrow 126 shows one possible axis of motion of the base 102 relative to the 
first platform 104. The resilient members 118, 120 exert a force on the first positioning 
member 110 and the second positioning member 112, respectively, to engage the slide 

20 116. When the first platform 1 04 moves, the slide positioning members 110, 112 contact 
parts of the actuating mechanism 114, such as the protrusions 134. The contact between 
the slide positioning members 110, 112 and the actuating mechanism 1 14 creates a force 
which opposes the biasing of the positioning members 1 10, 1 12 by the resilient members 
120, 118 towards the stops 1 13 of the slide receiving area. The biasing opposing force of 

25 the actuating mechanism 114 may be adjusted by the movement of the first platform 104 
so that the first and second slide positioning members 110, 112 come into secure contact 
with the slide 116, thereby moving it into secure contact with the stop 113. The stop 113 
is defined as any slide position restricting element. In some embodiments of the invention, 
a slide restraining system such as a series of vacuum channels, may be incorporated into 

30 the assembly 100 to exert a normal force on the slide 1 16 to hold the slide 116 firmly in 
place on the second platform 106 once against the stops 113. 
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[00149] FIG. 22 shows the same embodiment of the invention as shown in FIG. 21, but 

with the actuating mechanism 1 14 in a different position as a result of the first platform 

104 being moved with respect to the base 102. The motion of the first platform 104 and 

the disengagement of the actuating mechanism 114 from the slide positioning members 

5 1 10,1 12 causes the slide positioning members 1 10,1 12 to contact the slide 116 and secure 

it in a position abutting the stops 113. The slide positioning members 110, 112 are shown 

in a slide contacting position. The slide 1 16 is secured between the members 110, 112 and 

the stops 113. 

[00150] FIG. 23 depicts a perspective view of the slide holder assembly 1 00, wherein the 
10 actuating mechanism 1 14 is restraining a first slide positioning member 110 and a second 
slide positioning member 1 12 in an open state. 

[00151] Referring to FIG. 24, some of the constituent parts of some embodiments of the 
invention are shown. The second platform 106 is shown as a machined or cast metal 
frame with pre-drilled holes in this embodiment of the invention. The first slide 

15 positioning member 110 and the second slide positioning member 1 12 are shown in 

position to be rotatably mounted to the second platform 106. A first resilient member 120 
and a second resilient member 1 1 8 are in position to be connected to their respective slide 
positioning members 1 10,1 12. The resilient members 120, 1 1 8 are metal springs in this 
embodiment of the invention. A raised stop 1 13 is fabricated as part of the metal frame 

20 forming the second platform 106. 

[00152] Referring to FIG. 25, a close up the slide receiving area is illustrated, wherein the 
slide 1 16 is shown in a position secured by a first slide position member 1 10, a second 
slide positioning member 1 12, and various stops 113. The first slide positioning member 
1 1 0 is shown in contact with the slide 1 1 6 at a contact region at an end of the slide 116. 
25 Similarly, the second slide positioning member 1 12 is shown in contact with the slide 116 
at another contact region along an edge of the slide 116. When the slide 1 16 is in this 
position, the actuating table 108 maybe used to move the slide 116, as desired, under 
imaging optics. 

[00153] Referring to FIG 26A one embodiment of the first slide positioning member 110 
30 is shown. Similarly, referring to FIG. 26B, one embodiment of the second slide 

positioning member 1 12 is illustrated. These embodiments of the slide positioning 
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members 110, 112 are depicted in FIG. 24 prior to their assembly to the second platform 

106. The slide positioning members 1 10, 1 12 each have a slide contacting end 140, an 

actuating mechanism contacting region 142, a resilient member attachment point 144, and 

pivot region 146 for mounting to the second platform 106. The slide holding members 

5 110,112 may take on any geometric shape that allows them to be mounted to the second 

platform 106, while retaining the ability to move, make contact with a slide 116, and be 

operatively engaged and disengaged from the slide 1 16 by an actuating mechanism 114. 

The configuration of the slide positioning members 110, 112 and the protrusions 134 can 

be designed so that both members 110, 1 12 actuate simultaneously or serially, as desired. 

10 In various embodiments slides 116 designed for use with cytological specimens may be 

used. Slides 116 that contain cytological specimens stained with thionin-phenol solutions, 

including stains with phenol derivatives axe well suited for use in the assembly 100. 

[00154] Referring to FIG. 27, one embodiment of a slide 1 16 for use in the invention is 
shown. A float glass slide 1 16 is depicted with various dimensions and tolerances in 
15 inches for its fabrication. Float glass is made by forming a layer of molten glass on a 
molten metal such as tin and subsequently cooling the molten glass to solidification. 
Because of the method of manufacture, the glass surface is extremely flat, obviating the 
surface irregularities and waviness inherent in producing glass with rollers. Other types of 
slides 116 may also be used in various embodiments of the invention. 

20 [00155] FIG. 28 includes a schematic representation of a generally circular cell spot 202 
on a slide 200 to be imaged. The cell spot 202 is the region of interest of this slide, on 
which a cytological specimen lies, for instance. The cell spot 202 may be roughly two 
centimeters in diameter. In one embodiment of the invention, it is desired to acquire 
images covering substantially all of the cell spot 202 and which deviate from an optimal 

25 focus position no greater than about ±4 \xm 9 as measured by position of an optical 

component along the focus axis generally normal to the plane of the slide 200. In this 
embodiment it is further desired to complete the imaging of the cell spot 202 of the slide 
200 quickly, for example within 165 seconds or less. 

[00156] An embodiment of the invention utilizes three fiducial marks 204, 206, 208 
30 depicted in FIG. 28 located at predetermined coordinate locations on the slide 200. In this 
embodiment, the fiducial marks 204, 206, 208 have a known shape with a rapid transition 
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from dark to light when in focus. By identifying and recording the optical component 
focus axis location at which a sharp edge transition occurs, the global focal surface (in this 
case, a plane) containing the sample can be estimated. This estimated global focal plane 
serves as a guide across the complete cell spot and helps to establish a boundary condition 
5 that the focus axis should not extend beyond under normal operating conditions. 

[00157] FIG. 29 is a schematic representation of a global focal surface determination 
flowchart 220 summarizing certain process steps in accordance with one embodiment of 
the present invention. In this embodiment, a system is contemplated which includes a two- 
axis slide imaging stage. The two orthogonal axes are the index and scan axes 210 shown 

10 in FIG. 28. At a given time, the system may perform either a coarse positioning move to 
get close to a desired location, or a scan movement. In this embodiment, a scan pass from 
one edge of the cell spot 202 to an opposite edge includes of a series of short moves, each 
approximately 370 jxm long. Motion may be provided by a Piezo Ceramic Linear Motor 
(PCLM) packaged by the Anorad Corporation under the name of Pico Stage. Also, a 

15 linear encoder reports the actual position of the stage. The stage may be guided along its 
axis using crossed roller bearings. An optical sensor may be provided to indicate home 
position of the stage. The scan axis supports the slide holder and mounts normal to the 
index axis, in this embodiment. Naturally, other motion systems could be employed and 
will be apparent to those skilled in the art. 

20 [00158] FIG. 29 shows that according to one embodiment, the first step 222 in 
determining the global focal surface is to determine the index axis and scan axis 
coordinates of the first fiducial mark, which is shown as FM#1 204 in FIG. 28. In this 
embodiment, the centroid of FM#1 204 is determined to within ±10 \xm of the stage home 
position for the first fiducial mark FM#1 204. In step 224 of FIG. 29, the focus axis 

25 coordinate corresponding to FM#1 204 is determined. This is done by performing a coarse 
focus action at a position corresponding to FM#1 204. In this embodiment, a coarse focus 
action is performed by imaging FM#1 204 at an initial physical position, here, a z-position, 
which corresponds to a coordinate on the focus axis, and by determining a focus score 
corresponding to that coordinate. One method of determining a focus score, developed by 

30 Brenner et al. ("An Automated Microscope for Cytological Research: A Preliminary 
Evaluation," Brenner et al., The Journal of Histochemistry and Cytochemistry, Vol. 24, 
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No. 1, pp. 100-1 1 1, 1976, the disclosure of which is incorporated herein by reference in its 
entirety), is to calculate the average change in gray level between pairs of points separated 
by n pixels, as follows: 

f(z) = £2{Gi(z)-G i+n (z)} 2 (1) 
5 } 1 

where the index (i) ranges over all image points, in order, along a scan line (j); n is a small 
integer, especially 2; z is the focus axis position; and G* is the transmission gray level for 
point i. It is then desired to obtain a scan axis coordinate which provides a maximum 
value of focus score, f(z). 

1 0 [00159] FIG. 30 is a schematic representation of a sample plot of focus axis position 

versus focus score in accordance with one embodiment of the present invention. The plot 
260 of FIG. 30 shows values of focus score, f(z), at positions corresponding to various 
coordinates on the z-axis (focus axis). One embodiment of the invention applies an 
algorithm to facilitate the determination of a z-axis (focus axis) coordinate to within ±4 

15 \xm of the coordinate providing the maximum focus score. In this embodiment, the 

imaging optics include an objective lens (numerical aperture of 0.25, magnification of 
1 OX), a relay or tube lens (magnification of 1 .8X), and a camera. The camera is used to 
capture images of discrete portions of the slide, and has the following features: an 8-bit 
resolution (providing 256 gray-scale values); progressive scan (non-interlaced) analog 

20 video signal to reduce the effect of any movement or vibration during image capture; 
asynchronous trigger reset mode, to allow for synchronized image capture; 25Hz frame 
rate (minimum) for maximum throughput; square 8.3 jam pixels, square to eliminate x-y 
scaling and an 8.3 |^m size to reduce magnification requirements thereby increasing the 
depth of field; 782x582 pixel array size, the minimum array size for the desired resolution; 

25 a sensitivity of 400 Lux, F4 for imaging; external electronically controlled shutter; a 
standard "C" mount for attachment; and a horizontal frequency of about 15,625 kHz, 
providing for a pixel clock rate of about 12 MHz. The use of a Sony model SC-8500CE 
(Sony Electronics Inc., USA) camera is consistent with these specifications. 

[00160] The algorithm used in this embodiment during the coarse focus procedure 
30 applied at the first fiducial mark FM#1 204 is as follows, and is depicted in the plot 260 of 
FIG. 30. A picture is taken at an initial z-position (z = 0) and its focus score, f(z) of 
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Equation (1), is calculated. This is the first point, and the resulting focus score is depicted 
at box 1 of FIG. 30 (the boxed points are labeled in FIG 30 according to the order in which 
they are measured). This score is set as the temporary maximum score. The position of 
the focus axis is then moved 64 ^im below the initial z-position, relative to the surface of 
5 the slide. Note that this may be done either by moving an element of the optical system or 
by moving the slide, although moving an element of the optical system is generally easier. 
The position is imaged, and a focus score is determined at that position, depicted at box 2 
of FIG. 30. The second focus score is compared to the first focus score. If the second 
focus score is less than the first focus score, then the focus axis is moved to a position 64 

10 |im above the initial z-position. If the second focus score is greater than the first focus 
score, then the temporary maximum score is reset as the second focus score. The focus 
axis is moved in 64 (im increments until an image is captured at a z-position with a lower 
focus score than the current maximum focus score. In FIG. 30, the z-position 
corresponding to the point depicted at box 4 is just such a z-position. The idea is to 

15 continue making relatively large moves until an image has been captured on either side of 
a peak. Once the peak has been narrowed down to a 64 \xm range, the current step size is 
divided by two. The focus axis is moved to the z-position substantially equidistant from 
the two positions on either side of the peak. A new image is taken and focus score 
calculated. If the score is greater than the maximum, the step size is divided by two again, 

20 and the next z-position is set to the current z-position plus the new step size. The process 
is continued until the step size reaches either 4 \xm 9 2 jxm 5 or other predetermined small 
value, as shown in FIG. 30, and the image with the highest focus score is returned, which 
would be the image corresponding to the fifth z-position in the plot 260 of FIG. 30. 

[00161] Thus, a value of focus axis coordinate is obtained for fiducial mark FM#1 204, 
25 thereby completing step 224 of FIG. 29. The next step 226 in determining the global focal 
plane in this embodiment is to determine the index axis and scan axis coordinates of the 
second fiducial mark, FM#2 206, shown in FIG. 28. In this embodiment, the centroid of 
FM#2 206 is determined to within ±10 ^m of the stage home position for the second 
fiducial mark FM#2 206. After steps 222 and 226, where index axis and scan axis 
30 coordinates are determined, the embodiment will generate a slide error and flag the slide 
electronically or physically if the distance between FM#1 204 and FM#2 206 is greater 
than 500 jum. After step 226, the embodiment includes the performance of another course 
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focus procedure, as discussed above, to complete step 228, the determination of a focus 
axis coordinate of FM#2 206. Then, the x-y position (index axis and scan axis 
coordinates) of the third fiducial mark, FM#3 208 of FIG. 28, is estimated based on the 
positions of FM#1 204 and FM#2 206. The stage is then moved to capture an image at 
5 this calculated position. If the third fiducial mark, FM#3 208, is greater than 300 jum from 
the computed location, the search results are rejected. Also, the slide is flagged and 
rejected if a fiducial mark cannot be located. Assuming the third fiducial mark is found, a 
coarse focus action is performed to determine the focus axis coordinate of FM#3 208, 
completing step 234 of FIG. 29. Step 236 is the determination of an index axis slope 
10 based on the coordinates for FM#1 204 and FM#2 206, which may be performed by 
computing the following quotient: 

index axis slope = (z 2 - zi)/(x 2 - xi) (2) 

where z 2 is the focus axis coordinate of FM#2 206, zi is the focus axis coordinate of FM#1 
204, X2 is the index axis coordinate of FM#2 206, and xi is the index axis coordinate of 
15 FM#1 204. In this embodiment, the index axis slope is checked against a threshold value, 
for example, 2 \xm focal axis distance over 25 mm along the index axis. If the index axis 
slope is greater than the threshold value, the slide is flagged and denoted physically or 
electronically as having an error. 

Step 238 of FIG. 29 is similar to step 236. Here, the scan axis slope is determined by 
20 calculating the following quotient: 

scan axis slope = (z 3 - z 2 )/(y3 - y 2 ) (3) 

where z 3 is the focus axis coordinate of FM#3 208, z 2 is the focus axis coordinate of FM#2 
206, y 3 is the scan axis coordinate of FM#3 208, and y 2 is the scan axis coordinate of 
FM#2. In this embodiment, the scan axis slope is checked against a threshold value, for 
25 example 2 Jim focal axis distance over 25 mm along the scan axis (although this value 

does not necessarily have to be set equal to the threshold value for the index axis slope). If 
the scan axis slope is greater than the threshold value, the slide is flagged and denoted 
physically or electronically as having an error. 

A focus intersect is calculated in step 240 to complete the characterization of the global 
30 focal plane in this embodiment as follows: 

focus intersect = Zi - (index axis slope)*xi - (scan axis slope)*yi (4) 
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where xi, yi, and zj are the index axis, scan axis, and focus axis coordinates, respectively, 
at the point corresponding to the position of fiducial mark FM#1 204; and the index axis 
slope and scan axis slope are as determined in Equations (2) and (3), respectively. 

[00162] Another embodiment of the invention involves the performance of a scan pass 
5 over the area of interest of a slide. FIG. 3 1 is a schematic representation of a scan pass 
flowchart 270 summarizing certain process steps in accordance with one embodiment of 
the present invention. In step 272 of FIG. 31, a coarse focus action, as discussed above, is 
performed at a first position on the area of interest of the slide. In one embodiment, this 
first position corresponds to the estimated center of the cell spot 202 on the slide. The 

10 scan pass starts at the center of the cell spot, and moves radially outwardly. This 

maximizes coverage of the cell spot and enhances efficiency of the scan process. The 
embodiment takes advantage of the implementation of an initial coarse focus followed by 
periodic fine focus actions during the scan pass. In one embodiment, a coarse focus begins 
by moving the focus axis relative to the surface of the slide to a position corresponding to 

15 a focus axis coordinate and incrementally raising and lowering the stage, searching for the 
location at which the focus score of the image is at a maximum. Unlike coarse focus 
actions, fine focus actions begin with the assumption that the current location is close to an 
in-focus location. Consequently, the search pattern for fine focus actions is more efficient. 

[00163] Step 274 of FIG. 31 is the determination of a fine focus jurisdiction for the first 
20 point. The concept of a fine focus jurisdiction of this embodiment allows more efficient 
performance of the scan pass, such that focus actions do not have to be performed at each 
location at which an image is acquired. Instead, a focus action (coarse or fine) has a 
"jurisdiction" of influence, wherein any other image can reasonably rely upon that 
previous focus action for guidance on the focal plane. Note that FIG. 31 uses the term 
25 "fine focus jurisdiction," whether the focus action taken at a given point is coarse or fine. 
A focus action jurisdiction in this embodiment is defined as having a range of ± 6 images 
along the scan axis and ± 3 images along the index axis. An elliptical jurisdiction pattern 
applies for images that are not exactly along the scan or index axes from a previous fine 
focus action. If a new image is not within any focus action jurisdiction, then a new focus 
30 action occurs. 
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[00164] FIG. 32 is a schematic representation of an area of fine focus jurisdiction in 
accordance with one embodiment of the present invention. In this embodiment, the focus 
action jurisdiction 3 1 0 is generally elliptical in shape and has associated with it a 
predetermined length X C0V erage 312 along the minor axis of the ellipse and a predetermined 
5 length Ycoverage 314 along the major axis of the ellipse. Also, in this embodiment the major 
axis of the ellipse is parallel to the scan axis, and the minor axis of the ellipse is parallel to 
the index axis. 

[00165] An embodiment of the invention begins with a fine focus action to determine the 
focus score of the image at the best guess of the in~focus z-coordinate, determined using 
10 the representation of the global focal surface, as in FIG. 29. In this embodiment, from the 
best-guess location, up to four more images may be taken and scored. These represent 
images that are taken at +4, +8, -4, and —8 jam from the best guess location. The image 
with the highest corresponding score is declared the in-focus image. 

[00166] Step 276 of FIG. 3 1 is the imaging of a region about the first point. A typical 
15 size of the area imaged during a single exposure in this embodiment is 640x480 pixels, but 
may vary according to the camera used. There are approximately 2500 frames over the 
cell spot depicted in FIG. 28. 

[00167] In step 278 of FIG. 31, a scan pass move is made along the scan axis to a new 
position. In step 280, it is determined whether the new position corresponds to a point 

20 which is within at least one previously-determined fine focus jurisdiction. If not, a new 

fine focus action is performed to determine an appropriate focus axis coordinate at the new 
position, as shown in step 282, followed by the determination of a fine focus jurisdiction 
surrounding the new position, shown in step 284. In one embodiment, step 282 is 
performed using an initial estimate of an appropriate focus axis coordinate based on the 

25 determination of the global focal surface as shown in FIG 29. 

[00168] If the new position corresponds to a point which is determined to be within at 
least one previously-determined fine focus jurisdiction, step 286 determines whether the 
point is within exactly one fine focus jurisdiction. If so, step 290 prescribes the use of the 
corresponding focus axis coordinate correlated with the one fine focus jurisdiction, 
30 corrected for tilt. The tilt correction in this embodiment is based on the global focal 

surface equation for the slide determined as shown in FIG. 29, and is a modification of the 
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value of the focus axis coordinate corresponding to the new position in an amount equal to 
the change in predicted focal plane from the previously imaged position to the new 
position. 

[00169] If the new position corresponds to a point which is within more than one fine 
5 focus jurisdiction, then the determination of step 286 is negative, and step 288 of FIG. 31 
prescribes the use of a weighted average of the corresponding focus axis coordinate values, 
corrected for tilt as discussed above. This step involves the use of an inverse distance 
weighting function to determine the in-focus value at the new point, such that the focus 
axis coordinate corresponding to the jurisdiction whose center is closer/closest to the new 
10 point is more heavily weighted than (any of) the focus axis coordinate(s) corresponding to 
the other jurisdiction(s) in which the new point lies. 

[00170] After an appropriate focus axis coordinate is determined for the new point, a 
region about the point is imaged in this embodiment, as shown in step 292 of FIG. 31. 
Then, in step 294, it is determined whether substantially all of an area of interest — here, a 

15 cell spot — has been imaged. If so, the scan pass for this slide is complete, step 298. If 
not, step 296 prescribes a move along the scan axis to a new point. Step 300 determines 
whether this point is within the cell spot, and if not, step 302 calls for the repositioning to a 
new index axis coordinate within the cell spot. In this embodiment, the cell spot is 
considered made up of a center area and an edge area. For points inside the edge area, in 

20 this embodiment, an arc detect is used so that arcs indicating the edge of a cell spot are not 
used in any analysis, and frames that are believed to contain an arc are still imaged and 
may be analyzed. 

[00171] In this embodiment, the scan pass process continues as shown in FIG. 31, with a 
determination made at each successive point of whether the point lies within a previously- 
25 determined fine focus jurisdiction, followed by the appropriate use of retrieved focus axis 
coordinates or the performance of fine focus actions at that point. 

[00172] The pattern shown in the cell spot 202 of FIG. 28 represents the steps of the scan 
pass procedure of FIG. 3 1 completed over the entire cell spot. In this embodiment, an 
initial coarse focus action is taken at the center of the cell spot and the corresponding 
30 region is imaged. Since a focus action was taken, an area of fine focus jurisdiction is 
determined about this point, and the value of the focus axis coordinate corresponding to 
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this area is associated with points within this area. Then, the stage is moved to a position 

about 370 jam below the center of the cell spot, along the scan axis. It is determined that 

this point lies within the fine focus jurisdiction of the first point, so no fine focus action is 

taken here. The focus axis coordinate of the first point is used to image the second point, 

5 corrected for tilt. Moves continue along the scan axis until a point is reached outside the 

area of jurisdiction of the initial point. Then, a fine focus action is performed at that point, 

and a new area of jurisdiction is determined. Moves continue until the edge of the cell 

spot is reached. A move is now made along the index axis to a new index axis coordinate, 

and moves continue along the scan index in an direction opposite that taken in the first line 

10 of moves along the scan axis. The process continues until one half of the cell spot is 

imaged, and the process continues again from the center extending in the opposite 

direction along the scan axis to that taken in the first line of moves from the center. The 

process continues until the entirety of the cell spot is imaged. 

[00173] In one embodiment, to expedite identification of focus axis coordinates 
15 correlated with fine focus jurisdictions applicable at a specific location, the cell spot area 

(area of interest of the slide) is partitioned into bins. The bins represent rectangular 
v regions of the cell spot area. Every fine focus jurisdiction that intersects a bin is put into 

the bin. Thus, a search for focus axis coordinates correlated with fine focus jurisdictions 

applicable at a specific location can be limited to those coordinates that are assigned to the 
20 bin wherein the specific location resides. 

[00174] An embodiment of the invention includes numerous checks to ensure that the 
focus axis is tracking well to the in-focus plane. These include the establishment of 
absolute maximum and minimum focus axis values that are beyond the reasonable limit 
for an in-focus image; application of a maximum threshold to the value of the slope of the 

25 global focal surface as predicted by the fiducial mark locations; establishment of an out-of- 
bounds test for focus actions based upon the global focal surface as predicted by the 
fiducial mark locations; application of fiducial mark verification tolerances that demand 
that the location of the fiducial mark at the end of cell spot processing be within a 
particular distance from the initial search at the beginning of cell spot processing; 

30 establishment of a minimal focus score for both coarse and fine focus actions such that 

images scoring below this threshold are not judged as in-focus; establishment of a minimal 
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number of fine focus actions that must occur across a cell spot; and establishment of a 
maximum percentage of fine focus actions that can occur at the extremes of the fine focus 
search region (±8 \xm). Additionally, the embodiment may include the use of a checksum 
variable to account for each movement along the focus axis, in order to mitigate against 
5 data corruption associated with fine focus actions and cell spot partitioning. 

[00175] In a further embodiment, after the acquired slide images have been processed, the 
data is reduced to a collection of Objects of Interest, which may merit further analysis by a 
cytotechnologist. The objects of interest are first ranked to determine the top 100 most 
important objects of interest. Once the top 100 objects of interest are sorted by 
10 importance, the objects of interest are mapped to slide coordinates. Once the mapping 

occurs, FOIs are computed. The FOIs are then organized to present an efficient path, using 
the Traveling Salesman (Hungarian) algorithm, for review by the cytotechnologist at the 
reviewing station. 

[00176] The invention may be embodied in other specific forms without departing from 
15 the spirit or essential characteristics thereof. For example, the invention may be embodied 
in methods pertaining to electron microscope focusing systems. The foregoing 
embodiments are therefore to be considered in all respects illustrative rather than limiting 
on the invention described herein. Scope of the invention is thus indicated by the 
appended claims rather than by the foregoing description, and all changes that come within 
20 the meaning and range of equivalency of the claims are intended to be embraced therein. 

[00177] FIG. 33 is a top view of a microscope slide 1010 of the present invention. The 
slide 1010 has a specimen area 1012 adapted for the deposition of a specimen, such as a 
cytological Specimen 1014, thereon. The slide 1010 has toleranced dimensions and 
chamfered edges to facilitate handling and use of the slide 1010 in automated calibrated 
25 equipment, such as imaging equipment. In one embodiment, the slide 1010 is 

manufactured from glass and has a width of about 1.0 inch, a length of about 3.0 inches, 
and a thickness of about 0.04 inches. 

[00178] The slide 1010 has at least one datum mark 1016 placed thereon, and may have 
two or more marks 1016 placed thereon. The specimen area 1012 may be bounded, at 
30 least in part by two marks 1016. The mark 1016, which may be referred to alternatively as 
a fiducial mark, is visible in a field of view of an optical instrument such as a microscope 
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or a camera of an imaging system, and can be used as a reference datum or for 
measurement calibration purposes. In one embodiment, the slide may contain a first, a 
second, and a third fiducial mark 1016, which are at non-collinear points on the slide 10. 
In one embodiment, the fiducial marks 1016, each have a diameter of about 0.010 inches 
5 and have a location tolerance of about +/- 0.015 inches. The marks 1016 may be applied 
to the slide 1010 by a silk screen process. 

[00179] The bounded specimen area 1012 may have an area of about one square inch. 
One end 1018 of the slide 1010 may be frosted or coated to facilitate marking and 
identification of the specimen 1014 thereon. The frosted end 1018 may have an area of 
10 about one square inch. A frosted annulus 1020, defining an area to where the cells are 
transferred, may also be provided to facilitate scanning of sparse specimens. Also, one 
corner 1022 of the frosted end 1018 of each slide 1010 maybe chamfered to a greater 
degree than the other corners to ensure proper orientation of the slide 1010 when being 
loaded in the imaging equipment. 

15 [00180] The specimen deposited on the slide 1010 is preferably a cytological specimen, 
but may be another type of specimen. In one embodiment of the invention, the cytological 
specimen is prepared from a cervical Pap smear. The Pap smear specimen is preferably a 
monolayer preparation, in which the cervical cells are disposed on the slide in a single 
layer to facilitate imaging and analysis. 

20 [00181] The slide 1010 may be marked with a barcode 1024, as well as indicia 1026 

containing information necessary for matching the results of an analysis with the correct 
patient, for example identification of the patient from whom the specimen on the slide was 
obtained, or the doctor that provided the slide. The slide indicia 1026 may have any of a 
variety of forms including one or more alphanumeric characters. It is generally desirable 

25 to mark the ; slides 1010 with man-readable indicia so that the cytologist examining a fixed, 
stained specimen can readily identify the specimen and associated specimen from which 
the specimen was prepared. Further, specimens are often archived and retained for 
extended periods. Accordingly, it is generally desirable to avoid using an indicia standard 
that may fall into disuse qr become obsolete. While the slide indicia may be marked on an 

30 adhesive label bonded to the slide 1010, subsequent processing such as fixing and staining 
may degrade the indicia or bond. Because specimen slides 1010 are often archived in slide 
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file drawers, it is generally desirable that the slide indicia 1026 be oriented along the width 
or narrow dimension of the frosted end 1018 so as to be readable without requiring 
removal of the slide 1010 from the file drawer. 

[00182] FIG. 34 shows a schematic diagram of one embodiment of an apparatus 1030 of 
5 the present invention. The apparatus 1030 includes at least one image processing system 
1032, a computer server 1034, and at least one review station 1036. The server 1034 is in 
communication with both the image processing system 1032 and the review station 1036, 
and coordinates the operations of and data flow between the image processing system 1032 
and the review station 1036. 

10 [00183] FIG. 35 is a more detailed illustrative diagram of one embodiment of the image 
processing system 1032 of the present invention. The image processing system 1032 
includes a first optical system 1038, and a slide stage 1040 movable relative thereto. The 
review station 1036 includes a second optical system 1044, and is connected to the image 
processing system 1032 via the server 1034. An internal computer system 1046 controls 

15 the first optical system 1038 and is in communication with the server 1034. 

[00184] The first optical system 1038 includes an electronic camera 1048, such as a CCD 
camera 1048, and a microscope 1050. The microscope 1050 is preferably an automated 
microscope; The automated microscope 1050 may include features to provide fast, precise 
imaging of an area of a slide 1010 positioned in the optical path 1051 of the microscope 
20 1050, such as an autofocusing mechanism 1054. The first optical system 1038 may 

include one or more lens systems 1052. An illuminator 1042 may provide illumination for 
the specimen 1014 deposited on the slide 1010 and generally may illuminate, the slide 1010 
from below the stage 1040. 

[00185] The stage 1040 transports the specimen slide 1010 into and within the optical 
25 path 1051 of the microscope 1050, in response to appropriate commands from the internal 
computer system 1046. In one embodiment, a robotic slide handler 1064 may, upon 
appropriate commands from the computer system 1046, move the specimen slide 1010 
from a slide-holding cassette to the movable stage 1040 for imaging the cells in the 
specimen, and then back to the cassette after imaging. A slide holder 1065 fixedly and 
30 removably positions a slide 1010 repeatedly in a precise location and orientation on the 
stage 1040. The stage 1040 may be motorized, and powered by one or more stage motors 
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1056. The stage 1040 may be mounted upon bearings 1058, which in turn are mounted to 

the base 1059 of the microscope 1050. In one embodiment, the stage 1040 is movable in 

an x-y plane, as shown in FIG. 35. 

[00186] In one embodiment, an interface controller 1060 in communication with the 
5 movable stage 1040 may provide precise controlled movements of the slide 1010 relative 
to the optical path 1051 and viewing area of the microscope 1050. The interface controller 
1060 controls the stage motors 1056 by converting commands from the computer system 
1046 into appropriate signals that cause the motors 1056 to move the stage 1040 to. 
prescribed locations. A position encoder 1062 may detect the precise location of the stage 
10 1040, producing to the computer system 1046 pulses representative of the movement or 
location of the stage. As known in the art, these pulses may be decoded by the computer 
system 1046 in order to identify the location of the stage 1040 in an imaging station 
coordinate system. 

[00187] In one embodiment, the image processing system 1032 includes a bar code reader 
15 1066 positioned to view the area of a slide containing the bar code 1024, once the slide 
1010 has been transported to the movable stage 1040 by the robotic slide handler 1064 or 
has been loaded manually. In one embodiment, the image processing system 1032 
includes a marker 1068 that automatically places a dot, a mark, or other visible sign in the 
fields of interest within the specimen where potentially abnormal cells may be located. 

20 [00188] The review station 1036 is connected to the image processing system 1032 via 
the server 1034, and may be remotely located. The review station 1036 includes a second 
optical system 1044. The second optical system 44 may include any and all features of the 
first optical system 1038. In one embodiment, the second optical system 1044 includes a 
microscope 1050 that is connected to a movable stage and that is adapted for use by a 

25 human operator for visual inspection of the fields, of interest identified by the image 
processing system 1032. 

[00189] In operation, the image processing system 1032 performs an initial viewing and 
screening of a slide 1010 on which a cytological specimen 1014 is disposed, in order to 
make a preliminary assessment of the specimen 1014. The image processing system 1032 
30 identifies for subsequent viewing by a cytotechnologist or pathologist the locations of 
those fields of interest on the slide that potentially are most relevant. In order to prevent 
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false negative readings in a Pap smear screen, the locations of areas that are identified by 
the image processing system 1032 in this preliminary screening must be accurate to within 
an acceptable error margin. Incorrect handling or positioning of the slides during the 
scanning process make cause errors in the locations of the identified areas and subsequent 
5 misreading at the review station 1036. 

[00190] According to this invention, the fiducial marks 1016 on the slide 1010 are used to 
verify that the slide 1010 has been loaded properly, as well as to verify the reliability of the 
locations of the identified fields of interest within the specimen. The slide 1010, marked 
with two or three fiducial marks 1016, and having a specimen 1014 deposited thereon, is 

10 fixedly positioned and held on the movable stage 1040 by the slide holder 1065. Next, the 
automated microscope 1050 searches for the first fiducial mark 1016. Nominal locations 
of the fiducial marks 1016 are preprogrammed into the computer system 1046. The 
computer system 1046 searches for the fiducial marks 16 by sending control signals to the 
interface controller 1 060 to move the stage 1040 to the estimated location of the first 

15 fiducial mark 1016. In response, the stage motors 1056 move the stage 1040, until the 
desired fiducial mark 1016 is moved within a field of view of the microscope 1050. 
Generally, the portion of the slide 1010 that is viewed constitutes a field of view of the 
microscope 1050. The first fiducial mark 1016 may then be centered automatically within 
the field of view of the microscope 1050, to account for minor errors due to tolerances and 

20 other minor errors. 

[00191] The computer system 1046 may assign a reference coordinate value, for example 
(0,0), to the spatial location of the first fiducial mark, and store the reference coordinate 
value and stage location in memory. The relative position of the second fiducial mark 
1016 with respect to the first fiducial mark 1016 has also been preprogrammed into the 

25 computer system 1046. Therefore, once the position of the first fiducial mark 1016 is 

known, the computer system 1046 locates the second fiducial mark 1016. The computer 
system 1046 causes the motors 1056 to move the stage 1040 to the nominal location of the 
second fiducial mark 1016, after which the second fiducial mark 1016 may be centered 
automatically within the field of view of the microscope 1050. The computer system 1046 

30 assigns another reference coordinate value, for example (x_l , y_l), to the spatial location 
of the second fiducial mark, and stores the reference coordinate value in its memory. The 
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reference coordinate values (0,0) and (x_l, y_l) define a two-dimensional coordinate 
system, with respect to which selected areas within the specimen 1014 may subsequently 
be identified. In an embodiment where the slide 10 has more than two fiducial marks, the 
image processing system 1032 may look for the third fiducial mark 1016, and any other 
5 fiducial mark 1016 on the slide 1010 and similarly center and record their respective 
locations. 

[00192] The image processing system 1032 then scans the entire specimen 1014, typically 
containing tens of thousands of cells, in order to determine the potentially most relevant 
fields of interest within the specimen, such as cells with excessively large and/or dark 

10 nucleii. During the scanning process, the computer system 1046 manipulates the movable 
stage 1040 by generating appropriate control signals that cause the motors 1056 to move 
the stage 1040 in such a way that the various areas of the slide 1010 are positioned in the 
optical path 1051 of the microscope 1050. As the stage 1040 is moved by the motors 1056 
in response to the signals from the computer system 1046, the image viewed by the lens 

15 system 1052 of the microscope 1050 also is moved, so as to view another portion of the 
slide 1010. The image processing system 1032 scans the specimen 1014 by moving the 
movable stage 1040, and therefore the field of view of the microscope 1050, across the 
entire specimen 1014. The stage 1040 may be moved so that the field of view of the 
microscope 1050 is moved across the entire scan area. 

20 [00193] The electronic camera 1048 is positioned in the optical path 1051 of the 

microscope 1050, so as to capture an electronic image of the area of the slide 1010 being 
viewed. In one embodiment, the field of view of the camera is 640 pixels in width by 480 
pixels in length. Each pixel is on the order of about 0.74 microns. The camera 1048 then 
feeds the electronic image to the computer system 1046 so that the computer system 1046 

25 can perform an analysis of the cells appearing in the imaged area. The electronic image is 
preferably represented by electrical signals that can be processed by image processors 1070 
within the computer system 1046. 

[00194] The computer system 1046 performs the necessary analysis in order to determine 
whether malignant or pre-malignant cells are contained in the specimen, based upon their 
30 appearance. The computer system 1046 may rely on feature extraction algorithms, which 
attempt to select and to measure some feature within the image, e.g., the shape or the size 
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of the cell nucleus, or the density of cells within the area. For instance, an unusually large 
sized nucleus may indicate cell abnormality. Based on pre-programmed criteria, the 
computer system 1046 makes an identification of those areas within the specimen 1014 
most likely to contain certain features of interest, such as cell abnormalities. Typically, the 
5 computer system 1046 identifies between about 10 to about 30 fields of interest within the 
cytological specimen, however the number of fields of interest may vary from 0 to 100 or 
more. 

[00195] Once the fields of interest have been identified, the computer system 1046 ranks 
the identified areas based on the degree to which each area has characteristics more likely 

10 found in a typical premalignant or malignant cell than in a typical benign cell. The 
computer system 1046 then assigns to each identified area a coordinate value in the 
coordinate system defined by the reference coordinate values, thereby determining the 
relative location of each area with respect to the first and second fiducial points. The 
computer system 1046 then stores in memory a file containing the coordinate values of 

15 each field of interest. The image processing system 1032 also communicates this data 
with the server 1034. In one embodiment, a marker 1068 may place a visible sign on the 
slide at the locations of each identified field of interest to aid the pathologist in identifying 
the potentially malignant cells at the review station 1036. 

[00196] In order to verify the accuracy of the locations of the identified fields of interest, 
20 the computer system 1046 determines a spatial offset value of the fiducial marks 1016 
after the slide has been scanned. The computer system 1046 recalls from memory the 
actual coordinate values for the first and the second fiducial marks. The computer system 
1046 then sends appropriate control signals to move the stage to a location corresponding 
to the measured reference coordinate value for the first fiducial mark, and thereafter to a 
25 second location corresponding to the measured reference coordinate value for the second 
fiducial mark. The computer system 1046 expects the first fiducial mark 1016 to be 
located at the first position, and the second fiducial mark 1016 to be located at the second 
position. Because of a margin of error inherent in any mechanical system, the fiducial 
marks 1016 are typically displaced by some minor spatial offset value. If the spatial offset 
30 value is greater than a predetermined tolerance value, either the slide moved relative to the 
stage during scanning, the system lost position, or some other error occurred which brings 
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into question the validity of the stored locations of the identified fields of interest. 

Accordingly, the slide is rejected as being the result of an unreliable scan. In one 

embodiment, the tolerance value is in the range of about +/- 10 microns to about +/-1000 

microns. 

5 [00197] The fiducial mark may be spatially offset for a variety of reasons. Causes for the 
offset may include incorrect loading or positioning of the slide in the beginning of the 
scanning process, or movements of the slide 1010 relative to the movable stage 1040, such 
as slipping or jarring of the slide during the scanning process. Other causes of error may 
include excess backlash in position of the movable stage during the scanning, any kind of 
10 physical manual intervention, or excess mechanical vibrations within the image processing 
system 10s32. 

[00198] If the spatial offset value is within an acceptable tolerance value, the slide is 
verified and can be accepted for further review by a cytotechnologist or a pathologist at the 
review station 1036. The above-described verification process is undertaken separately for 
15 each slide 1010. If the spatial offset value of the fiducial marks 1016 on the slide 1010 is 
less than the tolerance value, the locations of the fields of interest are verified to be reliable 
within an acceptable error margin. The slide 1010 is therefore transferred to the review 
station 1036. 

[00199] In the review station 1036, the once-scanned slide 1010 is submitted to review by 
20 a human operator, who may be a cytotechnologist doing another preliminary screen for a 
pathologist, or may a pathologist doing a final screen. Either way, the image processing 
system 1032 has electronically limited for the human operator the areas within the 
specimen at which the human operator needs to look. 

[00200] The review station 1036 typically has an internal computer system that can access 
25 the server 1034, and that is connected to a microscope and a movable stage. The human 
operator lets the microscope read the bar code of the slide 1010, then starts processing the 
slide 1010 by physically looking for the first and the second fiducial mark on the slide 
1010. When the human operator finds the fiducial mark 16 on the slide, he centers the 
mark 1016 within the field of view of the microscope, and sets the coordinates of the first 
30 fiducial mark 1016 to (0,0). The server then provides the coordinates that were assigned to 
the fields of interest for that slide by the image processing system 1032. 
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[00201] The human operator instructs his microscope to go to the first assigned 
coordinate. After examining the area corresponding to the first assigned coordinate, the 
operator hits a NEXT button, which sends command signals to the microscope to go to the 
next assigned coordinate. In this manner, the operator goes through the entire range of 
5 locations that have been selected for review by the image processing system 1030. If the 
human operator is a cytotechnologist, he may further identify certain areas if he thinks that 
a cell or a cluster of cells is of interest. After the cytotechnologist has reviewed the last 
location of interest, he hits the DONE button. These areas are submitted to review by a 
pathologist, who makes the final determination as to whether or not the fields of interest 

10 contain malignant cells. Alternatively, the human operator in the review station may be 
the pathologist himself, who reviews each of the areas corresponding to the coordinates 
stored in the server 1034 by the image processing system 1032, and makes a final 
determination for each area. After review, the review station 1036 may optionally find the 
fiducial marks 1016 again to verify that the slide did not move and no other coordinate 

1 5 system malfunction occurred during review of the slide 1010. 

[00202] In one embodiment, a plurality image processing systems 1032 and review 
stations 1036 may be in use in coordination via a common server 1036. As a slide 1010 is 
transferred from one image processing system 1032 to another, or from one image 
processing system 1032 to one of the plurality of remote stations 1034, information 
20 regarding the locations of fields of interest on the slide may be stored and shared among 

the plurality of image processing systems 1032 and review stations 1036, so that any of the 
equipment can be used interchangeably with a high degree of confidence that the proper 
areas are being reviewed by the pathologist. 

[00203] In sum, FIG. 36 illustrates in a schematic flow chart a summary of the steps of. 

25 operation in a process for verifying location of fields of interest in a specimen, according 
to the present invention. The first step includes locating a datum mark on a specimen. 
The datum mark may a fiducial mark printed on a slide upon which a cytological specimen 
has been deposited, as explained earlier. The second step includes identifying an field of 
interest within a specimen. For example, a specimen slide may be optically scanned by an 

30 automated microscope, in order to identify areas that potentially contain malignant cells. 
The third step includes determining the location of the field of interest relative to the 
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datum mark. The fourth step includes locating again the datum mark. The fifth step 
includes determining whether a dimensional error in locating the datum mark is less than a 
tolerance value. If so, the specimen is transferred to the review station, otherwise the 
specimen is rejected. 

5 [00204] In one embodiment of the invention, the specimen 1065 is stained with a thionin- 
phenol derivative solution that includes methanol, phenol or phenol derivative, and 
thionin. The stain may also include an acid for adjusting the pH of the stain solution. The 
purity of the methanol (methyl alcohol) component can be various grades. The phenol 
component is typically supplied as loose crystals having an ACS grade purity of at least 

10 about 95%; however, the phenol may be in liquid form. The phenol is a chaotrophic agent 
available through Aldrich Chemical Company, Inc. of Milwaukee, WI; however, an 
equivalent may be substituted. Phenol derivatives include: phenol ethers, such as 
phenoxyethanol, phenoxypropanol, phenoxyacetone, and phenylbutanol; phenol amines, 
such as phenylbutylamine; alkylphenols, such as polymethylphenols, ethylphenols, 

15 isopropylphenols, sec-butylphenols, tert-butylphenols, tert-pentylphenols, 

cycloalkylphenols, aralkylphenols, alkenylphenols, and indanols; hydroxy benzene 
compounds; bisphenols; and halogenated phenolic compounds. In one embodiment, the 
phenol derivative is 2-phenoxyethanol, which may be obtained by treating phenol with 
ethylene oxide in an alkaline solution. The thionin component is supplied as a certified 

20 dye powder, specifically a BSC-certified, metachromatic, cationic thiazine dye. Figure 1 
depicts the characteristics of one embodiment of the thionin dye vised in the present 
invention as available from Aldrich Chemical Company or SIGMA of St. Louis, MO; 
however, equivalents may be used. The acid for adjusting the pH of the stain can be any 
one of most common acids, for example, acetic acid, citric acid, nitric acid, hydrochloric 

25 acid, phosphoric acid, sulfuric acid, or formic acid. 

[00205] An acceptable weight per volume (wt/v) ratio of thionin to solution is about 0.2% 
to about 0.5% wt/v, preferably about 0.3% to about 0.4% wt/v, and more preferably about 
0.345% wt/v. The ratio for the phenol or phenol derivative is about 0.8% to about 1.2% 
wt/v and preferably about 1.0% wt/v. 

30 [00206] Having described certain preferred and exemplary embodiments of the invention, 
it will be apparent to those of ordinary skill in the art that other embodiments incorporating 
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the concepts disclosed herein can be used without departing from the spirit and the scope 
of the invention. The described embodiments are to be considered in all respects only as 
illustrative and not limiting. Therefore, it is intended that the scope of the present 
invention be only limited by the following claims. 

5 [00207] What is claimed is: 
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Claims 

1 . An apparatus for marking a specimen, the apparatus comprising: 
an optical instrument; 

a marker coupled to the optical instrument and disposed outside a field of view of 
the optical instrument; and 

a stage coupled to the optical instrument for receiving the specimen and moving 
the specimen between an inspection position in an optical path of the optical instrument 
and a marking position for marking the specimen with the marker. 

2. The apparatus of claim 1, wherein the optical instrument comprises: 
a nosepiece; 

an illumination source; and 
focusing optics. 

3. The apparatus of claim 2, wherein the optical instrument is in data communication 
with a computer. 

4. The apparatus of claim 3, wherein the nosepiece comprises at least one lens. 

5. The apparatus of claim 4, wherein the at least one lens comprises a 10X objective. 

6. The apparatus of claim 5, wherein the nosepiece comprises a second lens. 

7. The apparatus of claim 6, wherein the second lens comprises a 40X objective. 

8. The apparatus of claim 2, wherein the optical instrument further comprises a 
specimen identification reader. 

9. The apparatus of claim 7, wherein the specimen identification reader is at least one 
of a bar code reader and an OCR device. 

10. The apparatus of claim 1, wherein the marker comprises a nib for applying a 
marking substance to the specimen. 

1 1 . The apparatus of claim 1 , wherein the optical instrument is a laboratory 
microscope. 

12. The apparatus of claim 7, further comprising: 

a user interface control in electrical communication with the optical instrument; 

and 
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a console in electrical communication with the optical instrument. 

13. The apparatus of claim 12, wherein the user interface control comprises: 
at least one input device; and 
a stage positioning device. 

5 14. The apparatus of claim 13, wherein the stage positioning device comprises a 
joystick. 

15. The apparatus of claim 13, wherein the at least one input device performs an 
operation selected from the group consisting of advancing the specimen to a next position 
in a field of view of the optical instrument, advancing the specimen to a previous position 

10 in the field of view, toggling between the first lens and the second lens, and marking an 
object of interest. 

16. The apparatus of claim 15, wherein the user interface control comprises four input 
devices, each performing an enumerated operation. 

17. The apparatus of claim 12, wherein the console comprises: 
15 a keypad; and 

a display. 

18. The apparatus of claim 1, further comprising means for electronically marking an 
object of interest within the specimen. 

1 9. The apparatus of claim 1 8, further comprising an indicator for indicating marked 
20 status of field of interest. 

20. The apparatus of claim 19, wherein the indicator comprises: 

an optical path originating at a light source and passing serially through 
the light source; 
a diffuser; 
25 a mask; 

an aperture; 
focusing optics; 
a lens; and 

a beam splitter, all disposed within a housing. 
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21 . The apparatus of claim 2, wherein the optical instrument further comprises a sensor 
for detecting presence of a specimen. 

22. The apparatus of claim 21, wherein the sensor is selected from the group consisting 
of a proximity switch, a limit switch, a hall-effect switch, a magnetic sensor, and an optical 

5 sensor. 

23. The apparatus of claim 1, wherein the specimen marking system further comprises 
a cap mechanism coupled to the optical instrument and engageable with the marker. 

24. The apparatus of claim 23, wherein the cap mechanism is biased away from the 
marker when disengaged therefrom and actuatable into an engagement position with the 

1 0 marker by a pin disposed on the stage. 

25. The apparatus of claim 23, wherein the cap mechanism includes a resilient seal for 
sealing a nib of the marker. 

26. The apparatus of claim 1 further comprising an actuator for moving the marker 
relative to the stage. 

1 5 27. The apparatus of claim 26, wherein the actuator is selected from the group 
consisting of a solenoid, a motor, and a fluidic cylinder. 

28. The apparatus of claim 12 further comprising an audio output device in electrical 
communication with the optical instrument. 

29. A method of marking a specimen, the method comprising the steps of: 

20 positioning an object of interest within the specimen to a marking position; 

contacting the specimen with a marker; and 

actuating the specimen to create indicia thereon at least partially bounding the 
obj ect of interest. 

30. The method of claim 29, wherein the shape of the indicia is selected from the 
25 group consisting of line segments, arcs, and combinations thereof. 

3 1 . The method of claim 29, wherein the specimen is disposed on a motorized stage. 

32. The method of claim 3 1 , further comprising the step of actuating the motorized 
stage to position a cap mechanism into an engagement position with the marker. 
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33. An automated method of reviewing a specimen, the method comprising the steps 
of: 

(a) loading the specimen in an optical instrument; 

(b) locating a first datum mark on the specimen; 

5 (c) locating a second datum mark on the specimen; 

(d) establishing a coordinate system based, at least in part, on the first and second 
datum marks; 

(e) positioning the specimen to present a first field of interest; 

(f) moving to a next field of interest; and 

10 (g) repeating step (f) until a predetermined number of fields of interest are 

presented. 

34. The method of claim 33, wherein twenty-two fields of interest are presented. 

35. The method of claim 33, wherein the step of moving to a next field of interest 
includes inputting a user command. 

15 36. The method of claim 33, further comprising the step of electronically marking an 
object of interest located within the field of interest. 

37. The method of claim 36, wherein the step of electronically marking the object of 
interest includes the steps of: 

inputting a signal to a computer; 
20 determining if coordinate values for the object of interest are stored as a target zone 

within the processor; and 

adding the coordinate values of the object of interest to a list of marked target 
zones, if not previously stored. 

38. The method of claim 36, wherein the step of electronically marking the object of 
25 interest includes the steps of: 

inputting a signal to a processor; 

determining if coordinate values for the object of interest are stored as a target zone 
within the processor; and 

removing the coordinate values of the object of interest from a list of marked target 
30 zones, if the values are previously stored. 
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39. The method of claim 36, further comprising the step of indicating visually a 
marked status of the object of interest. 

40. The method of claim 36, further comprising the step of physically marking an 
electronically marked object of interest. 

5 41 . The method of claim 39, wherein the step of physically marking the electronically 
marked object of interest comprises: 

inputting a signal to a processor; 
positioning the object of interest to a marking position; 
contacting the specimen with a marker; and 
10 actuating the specimen to create indicia thereon at least partially bounding the 

object of interest. 

42. The method of claim 33, wherein the step of establishing a coordinate system 
further comprises: 



43. The method of claim 42, wherein the step of establishing a coordinate system 
further comprises comparing the datum mark coordinate values to known parameters to 
determine if the specimen is loaded in a proper orientation. 

44. The method of claim 33 further comprising the step of reading a specimen 
25 identifier. 

45. The method of claim 44 further comprising the step of accessing a specimen data 
record stored within the computer to obtain coordinate values for the object of interest. 

46. The method of claim 45 further comprising the step of updating the specimen data 
record to include the coordinate values of the electronically marked objects of interest. 



20 



15 



centering the first datum mark; 

assigning a reference coordinate value to the first datum mark; 
storing in memory the first datum mark coordinate value; 
centering the second datum mark; 

assigning a reference coordinate value to the second datum mark; 
storing in memory the second datum mark coordinate value; and 
performing a coordinate transformation. 
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47. The method of claim 40 further comprising the step of calibrating the marker prior 
to marking the specimen. 

48. The method of claim 47, wherein the step of calibrating the marker comprises: 
contacting the specimen with the marker; 

5 actuating the specimen to create a calibration mark thereon; 

creating an offset value for the marker by actuating the stage to position the 
calibration mark into a position relative to the indicia; 
recording the offset value; and 
applying the offset value to the marker position. 

10 49. The method of claim 33 further comprising the step performing an autoscan after 
all fields of interest are presented. 

50. The method of claim 40, wherein the marking step is performed after the autoscan 
step. 

51 . The method of claim 33, wherein the specimen comprises a cytological material 
15 disposed on a slide. 

52. The method of claim 5 1 , wherein the specimen is stained with a thionin-phenol 
solution. 

53. The method of claim 52, wherein the thionin-phenol solution comprises a phenol 
derivative. 

20 54. A method of compensating for vibration errors in an imaging system, the method 
comprising the steps of : 

acquiring vibration measurements of the imaging system while scanning portions 
of a specimen; and 

re-imaging a portion of the specimen where the vibration measurement for the 
25 portion exceeded a predetermined threshold. 

55. The method of claim 54 further comprising the step of rejecting the specimen if the 
vibration measurement for a predetermined number of portions exceed the threshold. 

56. The method of claim 54 further comprising the step of rejecting the specimen if the 
vibration measurement exceeds a second threshold. 
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57. The method of claim 54, wherein vibration is measured by an accelerometer. 

58. The method of claim 57, wherein the accelerometer is disposed on the imaging 
system. 

59. A slide holder assembly comprising: 
a base; 

a first platform movably disposed on the base; 

a second platform disposed on the first platform and including a slide receiving 

area; 

a slide positioning member operatively connected to the second platform; and 
a mechanism disposed on the base for actuating the slide positioning member. 

60. The slide holder assembly of claim 59, wherein the base is coupled to an actuating 
table. 

61 . The slide holder assembly of claim 60, wherein the actuating table is coupled to an 
imaging system. 

62. The slide holder assembly of claim 61, further comprising a second slide 
positioning member operatively connected to the second platform. 

63. The slide holder assembly of claim 62, wherein the mechanism comprises a first 
pin for actuating the first slide positioning member and a second pin for actuating the 
second slide positioning member. 

64. The slide holder assembly of claim 63, further comprising at least one stop 
disposed on the second platform. 

65. The slide holder assembly of claim 64, wherein the first slide positioning member 
and the second slide positioning member are biased to position a slide disposed in the 
receiving area into a contact position with the at least one stop. 

66. The slide holder assembly of claim 65, wherein the first slide positioning member 
and the second slide positioning member are biased by a first resilient member and a 
second resilient member, respectively. 

67. The slide holder. assembly of claim 66, wherein the first slide positioning member 
and the second slide positioning member are rotatably mounted to the second platform. 
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68. The slide holder assembly of claim 63, wherein the first slide positioning member 
actuates independently of the second slide positioning member. 

69. The slide holder assembly of claim 59, further comprising a sensor for detecting 
presence of a slide disposed in the slide receiving area. 

5 70. The slide holder assembly of claim 69, wherein the sensor is selected from the 
group consisting of a hall-effect switch, a proximity switch, an optical sensor, and a limit 
switch. 

71 . The slide holder assembly of claim 59, wherein the first slide positioning member 
is a substantially elongate arm having a mounting end and a slide contacting end. 

10 72. The slide holder assembly of claim 62, wherein the second slide positioning 

member is a substantially elongate arm having a mounting end and a slide contacting end. 

73. The slide holder assembly of claim 64, further comprising two stops. 

74. The slide holder assembly of claim 63, wherein the first slide positioning member 
actuates serially with respect to the second slide positioning member. 

1 5 75, The slide holder assembly of claim 63, wherein the first slide positioning member 
actuates orthogonally with respect to the second slide positioning member. 

76. The slide holder assembly of claim 59, further comprising a slide with a cytological 
specimen disposed thereon disposed in the slide receiving area. 

77. The slide holder assembly of claim 76, wherein the specimen is stained with a 
20 thionin-phenol solution. 

78. The slide holder assembly of claim 77, wherein the thionin-phenol solution 
comprises a phenol derivative. 

79. An automatic focusing method for an optical system comprising the step of 
establishing a global focal plane comprising the steps of: 

25 (a) determining an index axis coordinate, a scan axis coordinate, and a focus axis 

i 

coordinate corresponding to each of three non-collinear locations on a slide; and 

(b) determining a numerical representation of the global focal plane using the index 
axis coordinates, the scan axis coordinates, and the focus axis coordinates. 
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80. The method according to claim 79, wherein the step of establishing the global focal 
plane further comprises the steps of: 

(c) calculating an index axis slope and a scan axis slope; 

(d) determining whether at least one of the index axis slope and the scan axis slope 
5 is below a respective corresponding predetermined value; and 

(e) flagging the slide, if at least one of the index axis slope and the scan axis slope 
is not below the respective corresponding predetermined value. 

81. An automatic focusing method for an optical system comprising the step of 
performing a scan pass comprising the steps of: 

10 (a) determining a first coordinate that provides a focus value within a 

predetermined range of an optimal focus value for a first position on a slide substantially 
corresponding to a first point on a surface substantially corresponding to the surface of the 
slide; 

(b) moving an element of the optical system relative to the surface of the slide to a 
15 position substantially corresponding to the first coordinate; and 

(c) recording the first coordinate corresponding to the first point. 

82. The method according to claim 81, wherein the step of performing the scan pass 
further comprises the steps of: 

(d) determining an area of fine focus jurisdiction surrounding the first point; and 
20 (e) correlating the first coordinate with the area of fine focus jurisdiction. 

83. The method according to claim 82, wherein the area of fine focus jurisdiction is 
generally elliptical in shape. 

84. The method according to claim 83, wherein the area of fine focus jurisdiction has a 
major axis substantially parallel to a scan axis of the optical system and has a minor axis 

25 substantially parallel to an index axis of the optical system. 

85. The method according to claim 82, wherein the step of performing the scan pass 
further comprises the step of: 

(f) determining a second coordinate that provides a focus value within a 
predetermined range of an optimal focus value for a second position on the slide 

30 substantially corresponding to a second point on a surface substantially corresponding to 
the surface of the slide, comprising the steps of: 
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(I) determining whether the second point lies within at least one previously- 
determined area of fine focus jurisdiction; and 

(II) determining an area of fine focus jurisdiction surrounding the second 
point, if the determination in (I) is negative. 

5 86. The method according to claim 85, wherein step (f) further comprises the steps of: 
(EI) determining a global focal surface; and 
(TV) determining a first estimate of the second coordinate using a 
representation of the global focal surface. 

87. The method according to claim 85, wherein step (f) further comprises the steps of: 
10 (HI) determining whether the second point lies within exactly one area of 

fine focus jurisdiction; and 

(IV) retrieving the coordinate correlated with the one area of fine focus 
jurisdiction, if the determination in (ITT) is positive. 

88. The method according to claim 87, wherein step (f) further comprises the steps of: 
15 (V) determining a global focal surface; 

(VI) adjusting the coordinate of step (IV) according to the global focal 

surface; and 

(VTI) moving an element of the optical system relative to the surface of the 
slide to a position substantially corresponding to the adjusted coordinate of step (VI). 

20 89. The method according to claim 85, wherein step (f) further comprises the steps of: 
(HI) determining whether the second point lies within more than one area of 

fine focus jurisdiction; and 

(TV) retrieving respective coordinates correlated with each of the more than 

one areas of fine focus jurisdiction, if the determination in (HI) is positive. 

25 90. The method according to claim 89, wherein step (f) further comprises the step of: 

(V) using a weighted average of each of the retrieved coordinates based on 
respective distances of the second point from at least one respective point within each of 
the more than one areas of fine focus jurisdiction to determine a resultant coordinate. 

91 . The method according to claim 89, wherein step (f) further comprises the steps of: 
30 (V) determining a global focal surface; 
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(VI) determining a composite coordinate based on at least one of the 
retrieved coordinates of step (TV); 

(VII) adjusting the composite coordinate according to the global focal 

surface; and 

5 (VIII) moving an element of the optical system relative to the surface of the 

slide to a position substantially corresponding to the adjusted coordinate of step (VII). 

92. The method according to claim 82, wherein the step of performing a scan pass 
further comprises the step of: 

(e) correlating the area of fine focus with a bin that represents a region substantially 
10 corresponding to a region on the surface of the slide. 

93. The method according to claim 85, wherein the determination in step (I) of whether 
the second point lies within at least one previously-determined area of fine focus 
jurisdiction is made by searching only those areas of fine focus jurisdiction which at least 
partially intersect a bin containing the second point. 

15 94. The method according to claim 82, wherein the step of performing a scan pass 
further comprises the step of: 

(f) determining whether a second position on the slide lies within an area of interest 
of the slide. 

95. An automatic focusing method for an optical system comprising the steps of: 
20 (a) establishing a global focal surface; 

(b) determining whether a point substantially corresponding to a position located 
on an area of interest of a slide lies within at least one previously determined area of fine 
focus jurisdiction; 

(c) determining a coordinate that provides a focus value within a predetermined 
25 range of an optimal focus value for the position on the slide; 

(d) imaging a region surrounding the position; and 

(e) repeating at least steps (b) through (d) until substantially all of the area of 
interest is imaged. 

96. The method according to claim 81, wherein step (b) further comprises moving an 
30 element of an optical system relative to the surface of the slide to a position substantially 
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corresponding to the coordinate, and modifying a checksum variable in an amount 
corresponding to the movement of the element of the optical system. 

97. An automatic focusing method for an optical system comprising the step of 
determining an efficient order of presentation of fields of interest on a slide using an 

5 algorithm. 

98. The method according to claim 95, wherein the surface of the slide is substantially 
planar and tiie slide is of substantially uniform thickness. 

99. An automatic focusing method for an optical system comprising the steps of: 

(a) performing an initial coarse focus at a first position substantially corresponding 
10 to a first point on a surface substantially corresponding to the surface of a slide; and 

(b) subsequently performing a plurality of subsequent fine focuses at different 
positions, wherein each of the fine focuses are performed more quickly than the initial 
coarse focus. 

100. The method according to claim 99, wherein step (a) comprises the steps of: 
15 (I) imaging the slide at the first position; 

(II) determining a focus score at the first position; 

(TO) subsequently moving an element of the optical system relative to the 
surface of the slide by a first amount to a second position; 

(IV) subsequently imaging the slide at the second position; 
20 (V) determining a focus score at the second position; 

(VI) moving an element of the optical system relative to the surface of the 
slide by a second amount that is less than the first amount. 

101. The method according to claim 99, wherein the fine focuses of step (b) are each 
performed by imaging a position substantially corresponding to a point on the surface of 

25 the slide no more than five times. 



81 



WO 02/37158 



PCT/US01/46810 



1/39 



Review 



Console 



-c 



Housing 



3A 



Keypad 



Soft Buttons 



Display 



used 



So 



Housing 



Stage Position 
Input Device 



Site Sequencing/Scan 
Control Buttons 



Indicators 



Speaker 



•Ho 



1 Mar* Button 



Motorized 



7/- 
&3 



Stage Motors 



Stage Encoders 



Slide Holder 



Home Sensors 



Motorized 
Noseprece 



.14 



»3 



Objective 
Button 



Rotary Position | 
Sensors | 



Control Unit 



Housing 



SHEMP 
Motherboard 



Stage Motor 
Control IMs 



Nosepiece 
Servo Motor 
Control IM 



Object Marker 
Stepper Motor 
Control IM 



Serial/Parallel 
Interface Module 



PCMCIA 
Control) er Card 



A/D Converter 



Digital I/O 



Slide ID Reader 



-| Power Supply 



"1 



Object Marker 



Mark Indicator 



J- 



WO 02/37158 PCT/US01/46810 

2/39 



Power Off 



6oA 



coy 

J8 



RS Diagnostics 



User Logout 



Pre-Syslem 
Connect 



* 3 

1 » 



Set User 
Preferences 



User Login 



SV Update 



J Calibrate Marker | -g5!i,— 

* Menu:CaEbf3» 



Abort Saoe 



40G 



Load 



"CanceT/ 
- SBde Hotter - 



Opened 



) 

Vswid 



Server Connect 



Rwju^a ^ Software 
Update 



User: Fresh. 
No Marks, Connected to SV 



Register 



tS8 



Marks Verified. 
" Connected to SV, — 



Manual Review 



User. Caned Review or 
Side HoWw Opened, 
Not Connected to SV 



Sfide Holder 
Opened 



Vofid Regis trotfoo 



I 

User. Finish. 
>0 Mart* 

t- 



I 

User. Fk*«h. 
. No Marks, 
No* Connected 
toSY 



Marks Verified. 
Not Connected 
toSV 



Mark SPfcvmi 



Autofocate 



Seted Brdsh, 
Hcwf marks, 
l» I Review: Scan 
Complete 

"Cancer/ 
" S 'cpe IOld,,r 



CanceT/ 
Side Holder Opened 



"Canc efl 
Side Holder Opened* 



1 

Select Review, Work* present 
1st review; AutcJocate complete 

* 



Review 



' Select Scan, 
1st review onV. 
Axjtdocoto Corrftete 



1 st review ontjr. 

r. 



Select Revtrw. 
Mark* present 



6lp 



Autoscan (Paused) 



Select Ftabfc ? 
New Mark*. Scan Complete User. Pause 



separate tor diagram clarity 



I J 



i L 



System 
Diagnostic Mode 



Return b to User Login. 




Select Finish 
No (new) M 



fCormoctod to SV) Maffc » Verified. Connected to SV, Horvrranuat review 



8Mb Holder Opened/ — 
Repjtstnlfon Not Vcrffled 



Check 
Registration 



Regtoeriaon Verified 



Unload Slide 



1.1 

Encountered Error 

_! Ur 



Error Handling 



Note; Errors can occur from any state. 



FIG. 2 



WO 02/37158 PCT/US01/46810 

3/39 



^^^r^\ user V^>^\*-\ rvy 

— t— 



Move Stage to 
Load Position 



— CANCEL* 



System Prompt 
Mount Slide/ Press: 

• Next for Automatic 

• MANUAL tor Manual 

Review 



-Preferences Complete- 
— Menu: Preferences- 



— Calibrate Complete 

-Menu: Calibrate Marker- 
Menu:- Logout 



-User. Manual- 



User Next 



Move stage to ID 
Reader 



System Message 
TnvaBdirr 



muminate Slide ID 

Trigger Image 
Capture/Processing 

» - 



Interpret ID 




— i — 

User 
Continue 
I 



System Prompt 
Enter ID 
Manually" 



ENTER- 



User. 
Continue 



-No 



Yes 



Query Server 
Database 




^SVF 
Exists? 



Yes 

_JL_ 



No^ 



System M 


essege: 


-NosHdeda 


ta record* 



Download SlkJe 
Data Record 
from SV 




Already 
.Reviewed?., 



Yesf*- 



System Message: 
•Slide Already Reviewed - Press 
■Continue' to proceed* or CANCEL 



User. 
Continue 



No 
M — 



Inhibit ability to 
remove previous marks 



= ) 
) 



to/from Set User 

Preferences 
to/from Calibrate 



to User Login 
to Manual Review 
Mode 



to Register Slide 



^I<sl* 3> 



WO 02/37158 



4/39 



PCT/USO 1/46810 




WO 02/37158 



6/39 



PCT/US01/46810 




WO 02/37158 



7/39 



PCT/US01/46810 




WO 02/37158 



8/39 



PCT/US01/46810 




WO 02/37158 



9/39 



PCT/US01/46810 




WO 02/37158 



10/39 



PCT7US01/46810 




WO 02/37158 



11/39 



PCT/US01/46810 




WO 02/37158 



12/39 



PCT/US01/46810 




WO 02/37158 



13/39 



PCT/US01/46810 




WO 02/37158 



14/39 



PCT/US01/46810 




WO 02/37158 



15/39 



PCT/US01/46810 




WO 02/37158 



18/39 



PCT/US01/46810 





WO 02/37158 



19/39 



PCT/US01/46810 




WO 02/37158 



20/39 



PCT/US01/46810 




WO 02/37158 



21/39 



PCT/US01/46810 



ELECTRICAL CORRECTOR 
5-44 UNF-2A THREAD 



.57(14.7) 




5-40 UNC-2A 



10(2.5) 



— 0.275(06.99) TYP 



^1 6> - i^A, 



4^3 



WO 02/37158 



23/39 



PCT/US01/46810 




WO 02/37158 



24/39 



PCT/US01/46810 




WO 02/37158 



25/39 



PCT/US01/46810 




WO 02/37158 



26/39 



PCT/US01/46810 




WO 02/37158 



27/39 



PCT/US01/46810 




WO 02/37158 



28/39 



PCT/USO 1/468 10 




WO 02/37158 



30/39 



PCT/US01/46810 




WO 02/37158 



31/39 



PCT/USO 1/468 10 




WO 02/37158 PCT/US01/46810 

32/39 



22i 



230 



DETERM INDEX AXIS AND SCAN AXIS 
COORDINATES OF FM#1 



1 



1 



DETERMINE FOCUS AXIS COORDINATE 
OFFM#l 




DETERMINE INDEX AXIS AND SCAN AXIS 
COORDINATES OF FM#2 



1 



DETERMINE FOCUS AXIS COORDINATE 
OF FM#2 



ESTIMATE POSITION OF FM#3 



*3 4 



1 



1 



DETERMINE INDEX AXIS AND SCAN AXIS 
COORDINATES OF FM#3 




DETERMINE FOCUS AXIS COORDINATE 

OF FM#3 
maaa bb— a— he 



T 



DETERMINE INDEX AXIS SLOPE, CHECK 
AGAINST THRESHOLD 



1 



DETERMINE SCAN AXIS SLOPE, CHECK 
AGAINST THRESHOLD 



i: 



1 



DETERMINE FOCUS INTERSECT 



WO 02/37158 PCT/US01/46810 

33/39 



Z Position vs. Focus Score 



r 



-250 



-200 -150 -100 

| Z position pim) 



-50 



W^t 


12 




>tr\nn 
*tvw 




_ 11 




3500- 




8 




3000- 


[IK* 


^T] 




2500- 


CD—* 


— *-=B— 


2 | 


2000- 

4500- 
















aw 

o- 



♦ Focus Score 



WO 02/37158 



34/39 



PCT/US01/46810 



COORDINATE 



DETERMINE FINE FOCUS JURISDICTION 
FOR FIRST POINT 



S 



27V 



IMAGE REGION ABOUT FIRST POSITION 



27 c 



TAKE SCAN PASS MOVE ALONG SCAN 
AXIS TO NEW POSITION 




29Z 



NO 



PERFORM FINE FOCUS ACTION TO 
DETERMINE FOCUS AXIS COORDINATE 



NO 



USE WEIGHTED 

AVERAGE OF 
CORRESPONDING 
FOCUS AXIS 
COOR DINAT ES. 
CORRECTED FOR 
TILT 



sty 



T 



DETERMINE FINE 
FOCUS 
JURISDICTION 
FOR POINT 



*** 



USE CORRESPONDING FOCUS AXIS 
COORDINATE. CORRECTED FOR TILT 




TAKE SCAN PASS 
MOVE ALONG 
SCAN AXIS TO 
NEW POSITION 



3<ro 



NO 



3o* 



REPOSITION TO NEW INDEX AXIS 
COORDINATE WITHIN THE CELL SPOT 



Mr 



WO 02/37158 



35/39 



PCT/US01/46810 



3\o 

s 




Index Axis 



WO 02/37158 



36/39 



PCTYUS01/46810 




FIG. 33 



WO 02/37158 



37/39 



PCT/US01/46810 




FIG. 3M 



WO 02/37158 



38/39 



PCT/US01/46810 



CAMERA^ 
IO68 



MARKER 



1066— 



BARCODE | 
READER 



1064- 




IQS3- 



I 059 



POSITION 
ENCODER 



|070 



MOTOR 



I 046 

■ ( 



INTERNAL 
COMPUTER SYSTEM 



IMAGE 
PROCESSOR 



MOTOR 



INTERFACE 
CONTROLLER 

^ 



1056 



r 

\032. 



SERVER 

r 



|034 



1 


REVIEW 




STATION 






OPTICAL 








SYSTEM 





FIG. 35 



f 044 



WO 02/37158 



39/39 



PCT/US01/46810 



LOCATE A DATUM 
MARK ON A SAMPLE 



IDENTIFY AN AREA 
OF INTEREST WITHIN 
A SAMPLE 



DETERMINE THE 
LOCATION OF THE 
AREA OF INTEREST 
RELATIVE TO THE 
DATUM MARK 



LOCATING AGAIN 
THE DATUM 




REJECT 
SAMPLE 



TRANSFER SAMPLE 
TO REVIEW STATION 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



REVISED VERSION 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) Internationa] Publication Date 
10 May 2002 (10,05-2002) 




PCT 



(10) International Publication Number 

WO 2002/037158 A3 



(51) International Patent Classification 7 : G02B 21/00, 

21/32, 21/34, 27/64, H04N 5/232, G02B 21/26 

(21) International Application Number: 

PCT/US2001/046810 

(22) International Filing Date: 

5 November 200 1 (05 . 1 1 .2001 ) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/245,971 



3 November 2000 (03. 1 1 .2000) US 



(71) Applicant (for all designated States except US): CYTYC 
CORPORATION [US/US]; 85 Swansen Road, Boxbor- 
ough, MA 01719 (US). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): OSTGAARD, Roy 
[US/US]; 461 Hidden Springs Drive, Marion, NC 28752 
(US). PREDMORE, Kevin [US/US]; 879 Wayne Drive, 
Heath, OH 43056 (US). WILSON, Mark [US/US]; 419 
Garden Road, Columbus, OH 43214 (US). GREENE, 
Howard [US/US]; 6880 Halligan Avenue E, Worthington, 
OH 43085 (US). GEISELMAN, Theodore, S. [US/US]; 
50 Vaughn Hill Road, Bolton, MA 01740 (US). ZAH- 
NISER, David [US/US]; 33 Sheridan Road, Wellesley, 
MA 02481 (US). MEUSE, Steven [US/US]; 6 Hardy 
Road, Londonderry, NH 03053 (US). KNOX, William 
[US/US]; 5185 Goodson Road, West Jefferson, OH 43162 
(US). DANHOF, Scott [US/US]; 8240 Mitchell-Dewitt 
Road, Plain City, OH 43064 (US). 



[ Continued on next page] 



(54) Title: CYTOLOGICAL IMAGING SYSTEMS AND METHODS 



1030 



1032 



1034 



< 

0© 




(57) Abstract: The present invention 
relates to the analysis of specimens. 
Specifically, the invention relates to 
methods and apparatus for reviewing 
specimen slides, including apparatus 
for holding the slides. The invention 
also relates to an automatic focusing 
method for an imaging system and 
methods for accommodating vibration 
in the imaging system. In particular, 
the methods and apparatus may be 
applied to the automated analysis of 
cytological specimen slides. 



WO 2002/037158 A3 I II 111 II II lllll III 111 



(74) Agent: FORCIER, John, V.; Testa, Hurwitz & Thiheault, 
LLP, High Street Tower, 125 High Street, Boston, MA 
02110 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH, 
GM, HR, ITU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 



CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

30 January 2003 

Date of publication of the revised Internationa] search 
report: 29 April 2004 

(15) Information about Correction: 

see PCT Gazette No. 1 8/2004 of 29 April 2004, Section II 

For two- letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNATIONAL SEARCH REPORT 



!l itional Application No - 

PCT/US 01/46810 



^.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


PATENT ABSTRACTS OF JAPAN 
vol. 1996, no. 06, 
28 June 1996 (1996-06-28) 
■— & JP 08 029693 A (NIKON CORP), 
2 February 1996 (1996-02-02) 
abstract; figures 1-4 


18-20 


A 
Y 


PATENT ABSTRACTS OF JAPAN 

vol. 1997, no. 07, 

31 July 1997 (1997-07-31) 

& JP 09 073033 A (OLYMPUS OPTICAL CO LTD), 

18 March 1997 (1997-03-18) 

abstract; figures 10,11 


23-25 
29-31 


A 


US 5 574 594 A (FOWLER WHITS0N ET AL) 
12 November 1996 (1996-11-12) 
column 3, line 64 -column 4, line 65; 
figures 1,2,11,12 


26,27 


X 
Y 


PATENT ABSTRACTS OF JAPAN 

vol . 1995, no. 02, 

31 March 1995 (1995-03-31) 

& JP 06 324269 A (CANON INC) , 

25 November 1994 (1994-11-25) 

abstract 


29-31 
40,41 . 


X 


US 1 129' 742 A (SHEAFF P A) 

23 February 1915 (1915-02-23) 

page 2, line 16 -page 3, line 4; figures 

1,6,7 


29-31 


Y 


PATENT ABSTRACTS OF JAPAN 

vol . 1996, no. 04, 

30 April 1996 (1996-04-30) 

& JP 07 333517 A (SUMITOMO ELECTRIC IND 

LTD), 22 December 1995 (1995-12-22) 

abstract; figures 2,5 


29-31 


X 
Y 


US 4 907 158 A (KETTLER ALBRECHT ET AL) 
6 March 1990 (1990-03-06) 

column 5, line 35 -column 6, line 34; 
figures 1-4 

column 7, line 1 -column 9, line 6 


33-39, 
42-47. 
49-53 

40,41 1 


X 


US 4 833 382 A (GIBBS DAVID L) 
23 May 1989 (1989-05-23) 

column 5, line 45 -column 10, line 27; 
figures 3,4 

./__ 


33-39, 
44-46, 
49-53 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



ational Application No 

PCT/US 01/46810 



C(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ■ Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 00 58690 A (SAPPORO BREWERIES 
;TAKAHASHI T0SHIHIR0 (OP)) 
5 October 2000 (2000- 10-05) 
. abstract 

-& EP 1 085 292 A (SAPPORO BREWERIES) 
5 October 2000 (2000-10-05) 
page 1, line 5 -page 2, line 44; figures 
3-7 

paragraphs 

[0015] , [0020] - [0029] , [0033] , [0036] 

US 5 638 459 A (R0SENL0F MIKEL D ET AL) 

10 June 1997 (1997-06-10) 

column 6, line 59 -column 7, line 36; 
figure 1A 

column 9, line 15-25 
column 4, line 15-57 

US 5 469 210 A (NOGUCHI KAZUHIRO ET AL) 

21 November 1995 (1995-11-21) 

column 2, line 36-48 

column 3, line 38 -column 4, line 30; 

figures 1-3 

DE 197 18 799 A (HEILAND PETER) 
5 November 1998 (1998-11-05) 
column 8, line 9 -column 10, line 13; 
figures 1C.8 

US 5 731 896 A (PETERS JORG- ROGER ET AL) 
24 March 1998 (1998-03-24) 
column 1, line 32 -column 2, line 6; 
figure 2A 

column 4, line 25 -column 5, line 18 

US 5 659 421 A (RAHMEL RICHARD J ET AL) 

19 August 1997 (1997-08-19) 

column 2, line 51 -column 3, line 60; 

figures 2-4 

column 4, line 32-65 

US 6 049 421 A (FRODIS URI ET AL) 

11 April 2000 (2O0O-04-11) 

column 5, line 18-37; figures 1,6,8 

WO 92 04651 A (MEDICAL RES COUNCIL) 

19 March 1992 (1992-03-19) 

page 4, line 11 -page 7, line 25; figure 1 



33-39, 
42-46, 
49-53 



33-43 



54,57,58 



54,57,58 



54,57,58 



59-68, 

71-78 

69,70 



69,70 



59-78 



I . 

Form PCT/1SA/210 (continuation ot second sheol) (July 1992) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/US 01/46810 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established In respect of certain claims under Article 17(2){a) for the following reasons: 
1. ("I Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. 2] Claims Nos.: 79-101 

because they relate to parts of the International Application that dp not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. 1 1 Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention Is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

1 . \7T\ As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
lJ ^ J searchable claims. 

I l " ^ searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 

restricted to the invention first mentioned In the claims; it Is covered by claims Nos.: 



Remark on Protest | [ The additional search fees were accompanied by the applicant's protest 

| X | No Protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international appl i cation 9 as follows: 

1.. Claims: 1-28 

An apparatus for marking a specimen comprising: 
an optical instrument, a stage and a marker 

wherei n 

the marker is disposed outside the field of view 

the stage moves the specimen between an observing position 

and a marking position 



2. Claims: 29-32 

A method of marking a specimen comprising the steps of 
positioning an object of interest of the specimen to a 
marking position 

contacting the specimen with a marker 
wherei n 

the specimen is actuated to create indicias thereon at least 
bounding the object of interest. 



3. Claims: 33-54 

An automated method of .reviewing a specimen comprising the 
steps of 

loading specimen in an instrument 
wherein the following steps are performed, 
locating first and second datum marks 

establishing a coordinate system on the basis of the datum 
marks 

positioning and moving the specimen through a predetermined 
numner of fields of interest. 



4. Claims: 54-58 

A method of compensating for vibration errors while imaging 
a specimen 

wherein the method comprises the steps of: 

acquiring vibration measurements while scanning portions of 
a specimen 

reimaging a portion of the specimen when the vibration 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

measurement exceed a predetermined threshold. 



5. Claims: 59-78 

a slide holder assembly comprising 
a base 

a first platform movably disposed on the base 

a second platform disposed on the first platform and 

including a slide receiving area 

a slide positioning member is operatively connected to the 
second platform 

wherei n 

a mechanism is disposed on the base for actuating the 
positioning member 
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Continuation of Box 1.2 
Claims Nos.: 79-101 



Claims 79, 81, 95 and 99 appear to relate to the same autofocussing 
method, however in view of the large number and also the wording of the 
independent claims presently on file, which render it difficult, if not 
impossible, to determine the precise matter for which protection is 
sought, the present application fails to comply with the clarity and 
conciseness requirements of Article 6 PCT (see also Rule 6.1(a) PCT) to 
such an extent that a meaningful search is impossible for the subject 
matter of claims 79 to 101. 

Consequently and since the subject matter of claims 29 to 78 do not 
appear to fulfill the requirements of unity of the PCT with respect to 
claims 1 to 28, the search has been carried out for those parts of the 
application which do appear to be clear, concise and fulfilling the 
requirement of unity of invention, namely claims 1 to 28. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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